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The EAGLE-ASS 
and the ELEPHLOP 


(With apologies to Chaucer, 
Chick Sale and Al Smith.) 


HE Ostrich is thought the oddest of birds, his par 

entage split into questionable thirds, with Giraffe, 
one-third, and a third Wild-Turkey, his Love-life-line 
is excusably jerky. But, he can’t hold a candle, a 
spark in the dark, to the Prize miscegenation of 
Barnyard or Ark, the Zoo-illogical Pousse-cafe that 
heralds the dawn of a “Brighter day.” 


vo ‘’D never dream it could come to pass, —but, 
Voter,—-meet the EAGLE-ASS. 
HE American Eagle, from legend old, his image 


on verboten gold, is just a childhood fantasy like 
the “Home of the Brave and the Land of the Free,” a 





yey Davs when people believed 


vings are folded, as he broods 
bird Cur ke lle d. 


e to one Hell-of-a-pass when 
in EAGLI ASS. 


Kulaks” and taken for a ride. 
ey coin, and show the othe 
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view another love-child., HE ) 
ypes of chain snow 


Et ibove are but a few of the 
ow present, the son of G.O.P.. 7 oi ry ep! ay widely divet 
hyderm, a DODO-Bird is he. . * wy running fro 
e this absurd, when voters gave i: TRB forty 
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1 at top, but as vou start to drag 
um that turns the wheels would 
maggot. We shed no tears for 
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HOLLOW STAINLESS BALLS 
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UST, that hot month when the June 
i tl he wre g nd to .oo Une les I 
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bi ive that well-groomed look If 

haven't read Walter Chrysler’s “Story 
! n the Saturday 
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sed something 


NPLEASANT | sensation when you fly 
i landing light that makes a whirl 
elle ! k like a stone wall 
s Steel “Stick” . rehil it, specify a SPI 
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BENZINGER, pre 
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he works out problems 
» stop watch re n n his 
going hooner, “‘“Norbador.” One of the 
st sea-worthy packets her size afloat, 
“Norbador should nm the Mackinac 
if her skipper never get time 
her My advice t m is t fake 
When I had the idoro on the 
lakes, I “too busy” all around to 
sail he inswer to which “nutz.” 
— steel eaters and Illinois gradu 
ites know Ge ge Franks, former 
i\ ! Champa qn (,eorge delivered his 
Thomas, to the tender mercies 
young man with the seductive 
ig feet and the bonnet is now a 
netallurgist and is shown 


explaining things 
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Hall, the finest in the 


GREATEST OF ALL STEEL SHOWS = R. F. BENZINGER’S “NORBAD\ 
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JOINS BOSTON STAFF 
SALEM ENGINEERING sPPESTIMONIAL to a Bone rgeon: “Say, 


who was that bow-legged girl 

Proven Pusher Furnace 1w you with todas “Oh,—Walter, 

remember her,—she is the 

you met two weeks ago.” 
yr slightly 

yes went to another dog show, 
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iatly high fini ‘ roduced and “* en « t ube type of alloy mechanism will serve you best 


. THE WORLD ADMIRES 
Rockwell Furnace Does Bright A FIGHTER 


Annealing on Fuel Gas HATEVER your politics, you 
must admit that Tom Girdle 

iit in that no additios s other had guts enough to battle for his con- 

victions and, incidentally, for the 

convictions of a lot more people in 

overalls and shirtsleeves than some 


politicians believe. 


HOMAN, G. A. artist, made this 

sketch of Tom Girdler. If you 
would like one, 8 x 10, suitable for 
framing, write on your letterhead. 
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IRONDELLE, world famous Yacht of 
the Prinee of Monaco, almost created 
an international incident on her first visit 
to Boston She had been at sea for months 
on oceanographic exploration, and the crew 
itching for land cheered when Boston light 
hove in sight Steaming nearer they sighted TOM GIRDLER 


Bumpkin Island, then the site of a girl's 





reformatory It was a Monday morning, and 
0 pairs of maidenly pants were hanging 
on the wash line Appropriately, modestly, - 
he still maintains, Hirondelle’s Command MOST IMPORTAN] 
an lired a 21l-gun salute Coast Artillery 
lookouts reported a bombardment, and there THING IN THE WORL 
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MASS. 
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your all, of a sur 


strike started in diapers, via Columbia Uni 
eaper en etter versity, graduating in Political Science So, cate, for I am the 
t's a science, we thought it was a disease tion of the F; 


of thousands of our patented Hinged-Trays I'm bringing Satya some Q-alloy facing sand ’ : 
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rT e weight, save fuel and handling and to pop rice in Indian style If it works, 
using rigid trays you are throwing away money we'll spill the recipe whatever that 
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THE LOW BURNING LOSSES OF 
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CARBURIZERS 








- The Metier MAKE FOR OUTSTANDING 
the guy in a ECONOMY AND CLEANLINESS 


big position, the more useless noise 





he makes. 


. «+ The use of CHAR eliminates 


Au ~ Welding Ebectrades waste due to burning of the car- 


burizer, and the discomfort of 
‘or welding all corrosion and heat resisting heat and dust arising from burn- 
products. Send for data book. ing compound. 
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Juthe Pot Furnace 
Juthe gas-fired pot furnaces are 
designed for drawing, hardening. 
liquid carburizing, and reheating. 
The cylindrical type, Model GP. is 
fully described and standard sizes 
given in a leaflet by American Elec 
tric Furnace Co. Bulletin Ha-2. 


Alloyland 


Reprints of “Alice in Alloyland.” 
the whimsical, cleverly written little 
parody of Lewis Carroll's classic 
published in Metal Progress, have 
been prepared by Electro Metal 
lurgical Co. and are available for 
distribution. Bulletin Ha-16. 


Flowmeters 

Flowmeters patented by American 
Gas Furnace Co. measure the en- 
tire flow of air or gas, thus per- 
mitting exact control of gas burning 
operations and carburizing. The 
principle, installation and uses are 
described in Bulletin Ha-11. 


Staybolts 


With higher speeds, greater loads, 
and increasing boiler pressures, lo- 
comotive staybolts have a tough job 
these days. Information on Bethle- 
hem Steel Co.'s Mayari staybolt 
steel should therefore be of interest. 
Bulletin Ha-76. 


Hy-Speed Case 

50 to 500‘- increase in the life 
of high speed steel tools is claimed 
in a striking and interesting new 
booklet just published by the A. F. 
Holden Co. Typical cases of these 
savings are cited. Bulletin Fa-55. 


Testing Equipment 

Fully illustrated, complete with 
charts, curves and other technical 
data, containing 48 pages, and in 
two colors throughout, the new 
Testing Machine Bulletin issued by 
the Baldwin-Southwark Corp. con 
taining a comprehensive description 
of the well-known Southwark-Emery 
line of equipment should be a 
valuable addition to any library. 
Bulletin Ha-67. 


Sawing and Cutting 

“The Do-All Digest’ is an inter 
esting little publication of the Con. 
tinental Machine Specialties, Inc., 
giving pertinent facts about the Do. 
All line of cutting machines. It is 
illustrated, showing examples of 
work done. Bulletin Ha-170. 


Small Pyrometers 

Because of their low price and 
easy installation, Wheelco Instru 
ment Co.'s small indicating py 
rometers may be used wherever 
temperatures need checking. De- 
scribed in Bulletin Ha-110. 


Magnet Steels 

A very handsome booklet de- 
scribes the permanent magnet steels 
and castings made by Simonds Saw 
& Steel Co., including Alnico and 
Alnic. Bulletin Ba-158. 





Denial Metallurgy 

A unique publication by Inter 
national Nickel Co. details informa- 
tion on mechanical properties, heat 
treatment and working instructions 
for the platinum-palladium-gold al- 
loys extensively used in dentistry. 
36 pages; large size. Bulletin Ha-45. 


Tooling Costs 

Why shielded arc welding is 
ideal for tooling is told in “A 
Guide to Lower Tooling Costs With 
Shielded Arc Welded Steel Jigs and 
Fixtures,” published by Lincoln Elec- 
tric Co. Typical welded steel jigs 
and fixtures are illustrated and de- 
scribed. Bulletin Ha-10. 


Annealing Practice 

A very well printed and bound 
booklet by Surface Combustion Corp. 
is unique in that it illustrates both 
by photographs and blueprints six 
different forms of radiant tube an- 
nealing covers for sheet, strip, rod 
and wire. Manufacture of the pre- 
pared atmosphere is also described. 
Bulletin Ha-51. 


Defi Rust 


Analysis and descriptive notes of 
nine types of heat and corrosion 
resisting steels made by Rustless 
Iron and Steel Co. are contained in 
a handsome folder. Bulletin Ha-169. 


Metallograph 

Leitz Large Micro-Metallograph 
“MM.-1" most interesting 36-page 
publication containing numerous 
photomicrographs on the very latest 
developments in metallographic 
equipment. Special attention is 
given to darkfield illumination. Bul- 
letin Ha-47. 


Grinding Carbides 


A complete and detailed treatise 
on this important problem has been 
issued by the Carborundum Co. 
Special wheels and grits for the 
various commercial grades of car 
bides are given and many practical 
pointers are included. Bulletin Nv-57. 


Photoelectric Balance 

C. J. Tagliabue Mig. Co. has chris- 
tened its newest, simplest and fast- 
est recording potentiometer the “Ce- 
lectray”’ from the photocell, electric 
current and light ray by means of 
which it operates. Described in Bul- 
letin Ea-62. 


Spoilage Fear 

Fear of spoilage, says C. I. Hayes. 
Inc., may cost a firm more than 
actual tool loss through spoilage in 
the furnace. How “certain curtain” 
furnaces eliminate spoilage and 
spoilage fear is told in Bulletin 
Aa-15. 


Protection Tubes 

The advantages of a die cast over 
a sand cast pyrometer protection 
tube are described and illustrated 
by Driver-Harris Co. Stock sizes of 
Nichrome protection tubes are listed. 
Bulletin Ga-19. 


Metals for Corrosion 

Fourteen varieties of Midvaloy cor- 
rosion and heat resisting metals are 
described in a detailed bulletin by 
The Midvale Co. Properties and ap- 
plications are listed and illustrated. 
Bulletin Ca-160. 


Cleaning Processes 

An attractive 12-page booklet en- 
titled “Scientific Metal Cleaning” 
has been published by Detroit Rex 
Products Co. It describes in detail 
the applications and advantages of 
Detrex degreasing with Perm-A-Clor 
or Triad Safety Solvents and the 
applications of Triad Alkali Clean- 
ing Compounds and Strippers. Bul- 
letin Oy-111. 


Tube Furnaces 


The uses, construction, control and 
operation of combustion tube fur- 
naces are given in a folder by Hevi 
Duty Electric Co. which includes 
complete specifications for various 
types. Bulletin Aa-44. 


Testing Machines 

An extremely handsome, spiral 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine Co. 
Bulletin Oy-147. 


Hardening Furnaces 

P. D. M. high speed hardening 
furnaces are described in two bul- 
letins by The Philadelphia Drying 
Machine Co. one devoted to oil 
fired and one to gas-fired furnaces. 
both made in single and twin cham 
ber models. Details of construction. 
design features and tables of sizes 
and capacities are included. Bul 
letin Oy-150. 


Globar Elements 


Globar electrical heating units and 
a variety of accessories for their 
operation have been catalogued by 
Globar Division of Carborundum Co. 
Bulletin Oy-25. 


Hot Work Steel 


A new “Blue Sheet” by Ludlum 
Steel Co. gives physical properties, 
comprehensive test data and recom- 
mendations for heat treating Atlas 
A hot work steel, a tough, shock 
resistant tungsten steel. Bulletin 
Fa-94. 


Bolts and Nuts 


The calorizing process of driving 
aluminum into the surface of steel 
and the physical properties of bolts 
and nuts made from calite alloys 
are described in a folder by the 
Calorizing Co. Bulletin Fa-26. 


Oxidation 

Designers confronted with oxida- 
tion problems connected with crack 
ing coils, polymerization plants, su- 
perheaters, high pressure steam 
plants, air heating equipment and 
recuperators will welcome a folder 
by Timken Roller Bearing Co. con 
taining data on oxidation at 1000, 
1250 and 1500° F. Bulletin Ea-71. 





X-Ray Examination 

The application of X-ray exemi-- 
tion and inspection of Castings weld 
ing. and food products, as wel) ‘a 
practical X-ray crystal analysis . 
completely described and strik agi 
illustrated in General Electric y2-. 
Corp.’s new 34-pace publicotice 
Bulletin Dy-6. 


Alloy Castings 
Michiana Products Corp. hes pub 
lished a new book describing Mic: 
ana corrosion resistant and stainless» 
steel alloys. Generously illustrots: 
it suggests many savings for i: 
use of these alloys. Bulletin © 





Stainless Tubing 

A folder full of helpful techni-- 
data on the properties and use 
welded stainless stee! tubinc 
product finding many new app 
tions, is offered by Carpenter Sic 
Co. Bulletin Oy-12 


Firebrick 

Babcock & Wilcox make an & 
sulating firebrick which is rei 
tory as well as insulating and 
be used without a facing of fir 
brick. Description, applications. an 
engineering data are contained 
Bulletin Fy-75. 


Metal Heating 


Improvements in furnace econ 
mies, operating conditions and o 
pearance, furnaces that will more 
satisfactorily meet old requiremen's 
or handle new processes, service 
that will help solve the mos! stub 
born problems are olfered and ce 
scribed by Mahr Mig 
letin Ea-5. 





Meehanite 

A compact but complete specii:s 
tion chart gives the recommence 
grades of Meehanite metal for vor 
ous service requirements. Complel? 
physical properties and application 
are included. Bulletin Da-!65 


Mesh Products 


Wire mesh is a class of matens 
about which little is heard. A fl 
by C. O. Jelliff, therefore, teuing © 
special alloys and metas C 
styles of weaves and applications 
is of unique interest. Bulletin Yo * 


Alloy Steels 


Why alloy steels are 
heavy equipment anc oer 
ing applications is liscussec f 
folder by Bliss & Laughiin. * 
partial list of the more “ 
grades gives machine roti 
turning speeds. 5 


Cutting Stee! 


Recommended practices ' B= 
cutting of structura: siee! are = 
in a concise and c thoritative “ 
by The Linde 4 Produc : . 
Qualification tests good 
manship from the »dpoin . = 


curacy and smoo a 
also described. © — 
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Some of the Best Chinking 


in the metal industries is at your disposal 
in the literature described here. One book 
let may hold the key to your current prob 
lem. Help yourself to this helpful litera 
ture. It's free. You incur no obligation 
when you return the coupon. 





; Heat Treating Vanadium Facts Alcoa Notes Arc Welding Future 
Kaming A folder by Industrial Heating Revived after nearly 20 years is “Alcoa Random Notes” is the in Harnischteger Corp. takes a look 
B, weld zuipmen explains and illus- the house organ of Vanadium Corp. triguing title of a little monthly at the future of arc welding in a 
wel a -ctes diagrammatically a continu of America, “Vanadium Facts.” This paper got out by Aluminum Co. of booklet stressing the simplicity of 
¥s type heat treating furnace in paper shows considerable thought America. A request for this bul Smootharc” welders. Illustrated 
Tun which te ratures can be held to and care in its preparation and con-_ letin will bring you a copy of the with a wealth of photographs 
x sin extremely close limits, and tains valuable and interesting in latest issue. Bulletin Ca-54. drawings and cross-sections. Bulle 
ication which the product is always uni- formation on vanadium steels. Bul tin Ha-171. 





heated. Bulletin Ga-168. 


rmiy ic 


Sheet Metal Guide 


letin Ox-27. 


Electric Salt Baths 


Steel Handbook 


A veritable handbook is Jessop 
Steel Co.'s catalog of carbon, tool 


Nickel-Copper Steels 


Exceptional resistance to corrosion 


ou work with sheet metal you Liteoutuse is available from Bellis stainless and other alloy steels. and abrasion, increased tensile 
be sure to want this 63-page Heat Treating Co. describing elec Descriptions are supplemented by strength, and higher ductility are 
United States Steel Corp. 'rically heated bath furnaces which instructions for forging and heat the qualities claimed for Youngs 


sokiet DY 


hock-full of helpful hints and are economical to operate and have ireatment, and diagrams and charts town Sheet & Tube Co.'s new series 
al. setul practica: information on gal a wide range of applications in = of _~=Cphysical properties. Bulletin of Yoloy steels. A summary of 
“¥ xnized. black, terne, and stainless hardening, annealing. and heat Ha-61. properties and notes on their char 


sheet. Bulletin Ga-79. 


Optical Aids 
Rausch & Lomb’s new catalog lists 
i describes the instruments and 
ssories that are especially use- 
the metal working industries. 
as the toolmakers’ microscope, 
» wide field binocular, the shop 
roscope. and the Brinell micro 
pe. Bulletin Ga-35. 


New Joining Process 


joined cheaply 


treatment of high speed steel, stain 
less steel, nickel, aluminum, copper 
and bronze, etc. Bulletin Ny-48. 


Tempering Furnace 

Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper 
ing furnace, which has shown a re 
markable performance record in steel 
treating operations, are given in 
Bulletin Fx-66. 


Metal Surfaces 


Moly Matrix 

Climax Molybdenum Co.'s little 
monthly newspaper contains many 
interesting and informative articles. 
Get the latest issue —-Bulletin Ax-4. 


Copper Bulletin 

A new clearing house for news of 
developments in brass, bronze, and 
copper, the “Copper Alloy Bulletin.” 
issued by the Bridgeport Brass Co.. 
made its appearance with the March 


acteristics are contained in Bulletin 


Ox-93. 


Photo-Electric Cells 


If your are not familiar with the 
wide field of applications for photo 
electric cells and apparatus, send 
for this very interesting and com 
plete booklet by Pialtz & Bauer 
Inc. covering the original apparatus 
developed by Dr. Bruno Lange. Bul 
letin Ca-142. 


EPI Microscope 


of Metal parts are “aaa ; i i i ical 
: Par yes A manual giving in detail methods issue. It is edited for the technica 
w ' tie. = rongly by Electric res for the application of sodium cy and engineering audience. Bulletin The Zeiss EPI microscope for the 
- eee eee ee anide solutions in the preparation of 22-163. illumination and observation of 
jiting furnace atmosphere and ‘ prep ° ial h ' 4 
new. continuous brazing. cop metal surfaces is announced by the Cc opaque materia! has un imited ap 
Spas R. & H. Chemicals D Turbo- ompressors plications for observing opaque ma 
ng and soldering furnaces. Full ‘ - Chemicals Department, E. I. as ' 
, s are given in Bulletin Ar-30, 94 Pont de Nemours & Co. Bulletin Spencer Turbine Co. has turbo terial in dark field. bright field. and 
ae Ba-29. compressors in all sizes and types polarized light. A descriptive — 
Hump Hardenin ‘ for oil and gas-fired furnaces, ovens is published by Carl Zeiss, Inc. 
eme : th vitcl senting correct Blast Cleaning and foundry cupolas. Special types Bulletin Aa-28. 
‘i -_ So many changes have taken for special purposes such as gas 


ening are completely controlled 
the new Vapocarb Hump method 
which is well de- 
d in a Leeds & Northrup bul 
The three factors are: Quench 
rate of heating, and furnace 
here. Complete details are 


hardening 


place in blast cleaning and dust col 
lecting equipment in the past three 
years that Pangborn Corporation's 
“quick reference” catalog of con 
densed information will be invalu 
able to all those interested in this 


tight and corrosion resisting appli 
cations are also described in Bul 
letin Da-70. 


Stainless Data Book 


All users of stainless and heat 


Port Valves 

Diagrams and descriptive matter 
show the operation of adjustable 
port valves made by North Ameri 
can Mig. Co. that are particularly 
suitable for mediums whose rate of 


n Bulletin No-46 subject. Bulletin Jy-68 resisting alloys should find invalu flow is not constant. Bulletin Oy-138 
e 
ere lal _ . able the information contained in a 
sap vhapmanizing Chain : booklet published by Maurath, Inc. Newer Tool Steels 
lee napmanizing, the new method of Interesting information on chain giving complete analyses of the Vulcan Crucible Steel Co. has a 
a tlace hardening steel with nitro and belt conveyors for use at high alloys produced by the different complete and attractive catalog list 


s described in a very attrac 
»oklet of Chapman Valve Mfg. 


hee mation is given out on the 


temperature may be had by send 
ing for a new illustrated bulletin 
by Michigan Steel Casting Co. Bul 
letin Dy-84. 


manufacturers, along with the proper 
electrodes for welding each of them. 
Bulletin Jy-125. 


ing their full line of tool steels in 
cluding many special types to meet 
the modern trends in industry. Bul 
letin Jy-127. 


" fod itself and on its metallur- . 
a advantages. Bulletin Ob-80. Heat Treating Manual Laboratory Service 2) Gentine 
ng wine Welding A folder of Chicago Flexible Shait A new edition of “The Metal ‘VF rt g 
- Med & 9 Co. contains conveniently arranged Analyst” tells about an organiza Compositions, properties. and uses 
Pee 4 &* Ihermit Corp. offers a. f . . : tion established by Adolph lL. Buehler of the high nickel chromium castings 
C ew booklet sho , : information on heat treating equip Sn 
Sooklet showing all the possi specializing in the installation of made by The Electro Alloys Co. for 


Thermit welding, explain 


ment for schools, laboratories and 
shops, and also illustrates the sev- 


metallurgical laboratories. The com 
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ANNEALING OF NICKEL SILVER 
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ards Institution has suggested a limit 








alloys containing 60 to 65° copper ke 
either 10, 12, 15. 18 20. 25 or 30 
minus 1‘,) and remainder zine. The 






ples described in this paper were roll 





o0-lb. ingots made in cast iron molds. 






copper was between 62.0 and 62.6 





In the annealed condition (O.300-in. striy 






as well as in the lightly worked conditio 





hardness increases with the nickel 






being Vickers 140 for 10°. nickel and 170 { 





30°, nickel after 20°. reduction in thicknes 






The curves showing the hardness versus red 


tion of the various alloys cross at about 5 





and at 90°. the order is reversed from 






the start, the 30° nickel then being softest (22 
and the 10° hardest (245). 
SIMONDS SAW & STEEL CO., LOCKPORT, Xx. Y. The relation between diamond pe 
and Brinell (10-kg. load, 1-mm. ball) is 
Dy—1.2 (B-10). 
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As in the case of hardness. th: 

































strength values show that the increase res 
from 90° reduction in rolling is greater 
10°. nickel alloy than for the 30°. alloy 
tensile strength of the 10° nickel alloy 
19,500 psi. in the annealed condition and 125,00 
psi. after a reduction of 90° by cold u 
the corresponding values for the 30 
alloy being 55,500 and 109,000 psi. resp: 

For all these alloys the elongation d 
rapidly during the early stages of cold 
but the decrease in values for reductiot! 
is much more gradual and even after red 
in thickness of the order of 80 and 90 
the elongation values are extremely s! 
original figures for reduction in area ' 
reduced by about one third. 

Limit of proportionality and pt 
values are similar for the three alloys 
effect of cold work on these proper! 
appreciably different. The average |! 
modulus of elasticity, based on ten « 
tions, are 17,800,000, 19,600,000) and 


psi. respectively for the three allovs 


CRUCIBLE STEEL COMPANY 10), pe nis hard pegs sad an 
ALIQUIPPA, PA. ie degree of hardness ¢ 
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Working of Metals 


@ Seventeen papers by the leading authorities in 
the metal world were presented at the two-day 
Symposium on Plastic Working held during the 
National Metal Congress last fall. For the first 
time these papers are all gathered together into 
one comprehensive volume. 


C tuthors 


A. V. de Forest 

of Technology 
L. Hoyt, A. O. Smith Corp. 

L. Clark and A. E. White, University 

of Michigan 
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N. P. Goss, Cold Metal Process Co. 

Adam M. Steever, Columbic Tool Steel 


Massachusetts Institute 
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This Symposium was judged one of the most 
important ever held by the Society, and no- 
where else can be found such a complete, com- 
pact, and up-to-date account of the subject of 
metal working. 


J. H. Friedman, National Machinery Co. 

| D. K. Crampton, Chase Brass and Cop 
per Co. 

Roy H. Smith. Lamson and Sessions Co. 
E. Beck, Jones and Laughlin Steel 
Corp. 
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cal Engineer 

Anson Hayes and R. S. Burns, Amer 
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The book contains 469 pages and is bound in 
red cloth in the standurd 6x9-in. size. Price is 
$5.00. Postpaid. 


PUBLISHED BY 


The American Society for Metals 
7016 Euclid Ave. Cleveland, Ohio 


in indispensable addition to your metallurgical library! 
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(Cont, from p. 144) Eutectic alloys, and s 
occupy a minimum on the freezing point 
like 


Portevin and Bastien have con 


freeze at 


metals. 


a constant 


CASTING OF 


temperature, 





from a study of a number of alloys of k 


ing point, that the flowing power varies | 
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one system ol alloys) inversely as the soli 
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metals and eutectics. 


by other we 


Experiments have been extended to | 


allovs and 


expected, t! 


at a constant temperature, has the greatest 
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it is 
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found, 


thus 


Oreatest 


This has been « 


as might 


ing power of all the alloys included it 


tem. 


a ternary eutectic, which 
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inversely proportional to the range of t 


ture over which solidification takes plac 


conclusions 
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accord 


with the 
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Once more the flowing power is (r 


behavior of phosphoric cast iron, which 


known to be more fluid than a similar ir 


taining less phosphorus. 


fhe reason is to be found in the 


of the pru 


obstructing the flow. 
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nary 


resist 


imce 


which 


they 


primary crystals of the dendritic type 


the 


crystals of 


interior 


ol the 


solid 


mold 
metal, 


has been coates 


the volume 


crystals, which form 
The “habit” of th 
offer 


alloys with a long freezing range mostly d 
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(Starts on page 144) than that of thy 
plaster plus that of the water. The effe: 
to the crystals pushing against one anot! 
increasing the apparent volume, the 
mass being porous. In the same way, 
modification of Keep’s contraction appa 
Which the metal is cast in a sand mold 
form of a T-shaped bar, one end of 
held by a fixed pin while the other is 
lo an extensometer, an expansion 
observed during the setting. This ex) 
increases as the freezing range becomes 
this result having been confirmed for a 

of copper alloys, especially those with 

Subsequent determinations of density s 
that the alloys have really contracted 
freezing, and that the apparent increas 
ume is represented by a considerable | 
distributed throughout the cast bar. Th: 
of a mass of crystals of dendritic for 
and often does, lead to an outward pus 
crystals seeming to repel one anothe 
liquid between them freezes. The resull 
an outer shell is formed, and the contra 
the liquid metal contained in it, as it fre 
its turn, leaves small cavities, which 
distributed that the casting appears solid 
exanuned under the microscope. 

As another example, the addition « 
tin-base bearing metals was found 
internal porosity, and this was. attril 
expansion of the zine during solidifical 
lowed by contraction of the eutectic 
in it. Zine does not expand and th 
due to thrust. 

Ivpe metals which behave in this 
sharp impressions of the mold, and 
believed that they, like bismuth and si 
allovs, actually expanded, but determi 
the density prove that this is not so. A 
when present to the extent of 10°, r 
contraction to a very small amount 

As the effect of crystal thrust app 
outermost shell of crystals, it is chiefl 
the narrow portions of a casting, an¢ 
negligible where the section is large 
purposes of the foundryman_ this 
expansion is the same as a true eX] 
castings of small sections, but it has |! 
making the shrinkage allowance de} 
size. True expansion during solid 


exceptional in alloys. 
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Discussion Invited — Nay Urged! 


YDITORS know only too well that a good article 
nerally represents the viewpoint of the single 


ik 
modified though it may be by contacts and 

ence. He frequently wishes for other view- 
Metal 


words for discussion. 
Progress has, since the first, actively solicited let- 


in other 
mm foreign metallurgists —— and gladly printed 
s from its readers at home. Informal discus- 
S ff this sort has many advantages, the greatest 
hich is that matters capable of discussion are 

s still in flux, and a correct decision is pos- 

sil nly when many facts from many sources are 


ible. Let us have more discussion! 


How About Bearings? 


THNHE SUBJECT of bearings would make a good 
start. This matter certainly has not been stabi- 
ed In the last 


nted, one American, one British, one German 


issue three viewpoints were 


se abroad apparently feel that copper-lead 
ws are best for the more severe services like 
‘shaft bearings in gas engines. Two years ago 
ild say that American engineers agreed, but 
trend is to put them into less exacting 
in transmissions and differentials. 
h manufacturer of these bearings contain- 
“ really high lead has his own ideas, but certain 
is of copper act better than others; also it is 
{if not impossible to re-use the bronze turn- 
Why? 


Closer study of the problems of lubrication 


+} 


4s and machine chips. 


action of bearings when motion starts or 
mentarily dry throws some doubt on the 
view that the proper microstructure of a 
is a solt matrix containing hard particles 
Structure can be made in many alloys 
e for bearings, and some alloys without 
hard particles have good antifriction 
It might be suggested that the soft 
tals, tin, lead, cadmium and aluminum, 
undefined essence of oiliness that is, 
bility to cling to a lubricant and compara- 
power to What 


seize onto steel or iron 


Rapid Are Welding 


\\ » RECORDS for are welding heavy plate 


been shattered (as the sports writers 
“Union-Melt” process developed by 


ide and Carbon Research Laboratories 





Kditor ... 


Metal up to 1 in. and even thicker is joined by on 


passage of the are at unbelievable speed Phe 
abutting edges are square or lightly chamfered to 
a narrow vee and filled heaping full with a pow 
dered material that is an insulator when cold but 
becomes an electrical conductor as well as a cleans 
ing and protecting slag when melted Hence an 
oversize electrode can be inserted into the vee and 
power simply poured in without heavy short 
circuits to the abutting steel The result is an 
advancing flood of metal, melted from the electrode 
and the plate edges. Warpage and local hardening 
are minimized by the speed of travel and the local 
ization of the heat at the focus by the insulating 


powder 
New Eves for Science 
TTE ARE building equipment tor looking tur 
ther out into the infinitely large and further 
Witness the 200-in 


Palomar which can see a billion 


down into the infinitely small 
telescope for Mt 
light vears, and the new technique for high power 
which resolves 


metallography particles a few 


hundred atoms in diameter These are extremes 
too large and too small for comprehension. Yet 
no new principles are involved; enlarging or retin 
ing the older mechanisms to make these marvelous 
aids to human vision takes fuller advantage ol 


fundamental laws of optics known for a long time 


Vacuum Annealers 


VURNACE atinospheres may sometimes be most 
| readily controlled by excluding the atmosphere 
Steam is a very good substitute when annealing 
copper and other more inert gases are also used 


on other occasions But why not exclude the au 


by pumping it out of an air-tight furnace” 
Such 


some time and in a fairly large way by makers ol 


vacuum annealing has been done tor 


highest grade transformer sheet of  silicon-iron 
Furnaces of this sort have also been extremely 
useful for heat treating magnesium alloy castings 
Their utility for heating bright steel machine parts 
without tarnish is a possibility worthy of study, 
especially when a slow cooling is desirable. Some 
Troubles would doubt 
metal had to be with 


drawn hot; likewise hot spots might develop in the 


objections come to mind 
less be encountered if the 
charge since the action of convection currents 
would be absent and heat transfer occur only by 


radiation from hot element to cold metal and con 


duction throughout the latte 
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Controlled 
Hardening of 


Tools 


i-The Atmosphere 


By Fred M. Reiter 


Industrial Gas Engineer 





The Dayton Power & Light Co. Courtesy Leeds & \ 
Davton. Ohio 


been voluminous, and confusing if not conf! 
ing. When vou leave the library and go 
the plant you find that each plant or mat 


turer has a special “atmosphere” supposed | 





TMOSPHERE, as related to the heat treat- the best. 
In the furnace mentioned we hav 


; 


ment of steel, means the fluid surrounding 
the metal at high temperatures. Broadly raw natural gas a very satisfactory atmos| 
speaking, these atmospheres could include (1) almost perfectly controlling the surface 

the true gases — air, products of combustion, tions of steel tools and dies. We said “almos' 


, ; i ‘oo " vel ‘ “sence wefoarti ) } 
ammonia, nitrogen, hydrogen, and many other since we seem to approach perfection 
. > ‘ ° ° > ; ‘ ‘m « OG" > ‘ , : ne 
gases and mixtures thereof, or (2) liquids the distance at each step and of courss 
such as various salts, lead, cvanide, or (3) even entirely there. 


solids charcoal, carburizing compounds, inert In the general run of tool hardent 
cuttings — although gases exist and are formed to keep the surface of the steel unchang 


ically; that is to say, in the same condi! 


in the interstices of these solids. 
Trl 
i i 


ms 


heal treatment as prior to heating. 
a condition of perfect equilibrium be! 


elements of the steel and the constitur 


In this discussion, since we are examining 
a special furnace for tool hardening, we are 


interested generally in carbonaceous gases, and 
raw natural gas in particular, since this muffle atmosphere, and this condition iInvo 
batch furnace contains a flow of natural gas principal factors: 


unmixed with air or other gases or, as we 1. The composition of the atmos 
shall call it, “raw gas.” 2. The composition of the steel 
Published literature on the many gaseous 3. The temperature. 
atmospheres used in industry for all kinds of Other factors, such as quenching 
heat treating operations on various metals has design, while important in tool ha 
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fect the surface conditions in the sense 


stated. Time is a vital item, since by pro- 
d exposure, improper conditions are aggra- 
Under pertect equilibrium conditions, 
eases to have any effect; and if perfect 
brium could be achieved, leaving the tools 
furnaces for long periods should not affect 
surfaces. 
Ve can readily see that variations in any 
three factors bring about a great many 
ombinations of circumstances that have limited 
procurement of good results for a wide 
variety of work from any one furnace, whether 
the atmosphere is a curtain of gas or is a liquid 
bath, whether the muffle is fed externally gen- 


erated gases and these dehvdrated, chilled, or 


chemically treated. Our ability to modify fur- 
we conditions under exact control is very 
imperfect, unless we pack tools in boxes of 


purely inert substances, or confine our opera 


ms to a single equilibrium condition. 
Scaling 
Scaling or oxidation of the surface of the 


steel is an undesirable phenomenon, the effects 


ch we all recognize. A great deal of work 


We send in reducing gases to act as G-men to 
rout the oxidizing gases. In other words, as well 
presented by Jominy, Wood and Murphy, if we 
maintain enough hydrogen (a reducer) in ratio 
to the water vapor present in the atmosphere, 
and also enough carbon monoxide (also a 
reducer) in relation to the carbon dioxide, scal 
ing can be prevented. Unfortunately, as most 
everyone knows, these ratios for equilibrium 


are different for each temperature and steel. 
Decarburization 


The use of raw natural gas eliminates the 
problem of scaling very simply because it ts 
very dry, practically devoid of free oxvgen and 
carbon dioxide, and quite rich in methane, CH,, 
and hydrogen derived from methane, two 
thoroughly reducing gases. 

A greater problem by far, especially for 
high carbon toolsteels, is the loss of carbon from 
the surface. The higher the carbon content, the 
more freely does the carbon vanish, resulting in 
soft skin, poor tools, lowered fatigue life, and 

distress to all concerned. 


Oxidizing agents attack 





s been done and published on the chemical 
s involved and the 

sulting benefits have been 

cigious, 


Simply (and = inaccu- 
scale is formed thus: 
le O —> FeO 
2 FeO QO > Fe.O 
sFeO + O > Fe.0. 
Fe Fe —~ 1 FeO 


spring. held a 


vele continues, dig- 


he metal, sloughing 


= 


I iron every vear. 


scaling reactions work. It brought out some very 


follow exactly the 


ven above, it serves 


night. It was limited to one 
particular furnace as operated 
by one of the Dayton members. 


locally famous for its excellent 


practical views on some very rhe 


abstruse ph vsico-chemical pr ob- 


carbon even more readily 


D 1YTON CHAPTER, last than iron, and from 
“Panel Discus- 
sion on Controlled Tool Hard- 


ening that lasted far. far into the 


ambushes as well! Thus: 


( coe te 
Cc Ch: «Co 
( 70}. CO fe 


Other footpads are accused 
of helping in the larceny, 
including H, NO, SQO.,, 
although I believe they are 
on probation. 

assault is quite 


determined and hard = to 


te the effect of oxy- lems—and for that very reason repel. When highly reduc 
7 . é : 
her this oxygen is worthy of reporting in ing atmospheres fail, espe 


m the air or some NIETAL PROGRESS 


vides, thus: 





cially on the verv high carbon 


steels such as high carbon, 








LO—+ FeO H 

) — FeO + CO 
believe that oxygen, O,, water vapor, 
irbon dioxide, CO., are the public 
this racket and if we can rub them 

e the steel. 

ixed gases we have the eternal tri- 
il with: 


high chromium, the tools are 
either tucked = into packed 
boxes, dunked into salt baths with a pinch of 
cvanide seasoning, or other more or less drastic 
means used 

In this matter of decarburization equilib 
rium must again be maintained although with 


much greater diflicults The ratios of oxidizing 


is 
~ 
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to reducing gases that defeat scaling are not The remedy would be to have no d 


great enough to keep the carbon in the steel, and rizing agents present or to supply s 

the variables much more numerous. The line nascent carbon atoms to overwhelm the 

of demarcation between decarburization and of the carbon from the cementite. Raw 
recarburization is exceedingly narrow and we vas fits the bill in its dearth of oxide gas 
can go from one to the other just like falling off its copious supply of hydrocarbons that 

a log — to either side! In scaling we have but readily to vield nascent carbon atoms. 1 
one side of the line to work on, but in some tools higher the temperature the greater the pe 
carburizing may be less desirable than decar- age of cracked methane or gas molecu! 
burizing. ability to carburize increases rapidly 

Again, with raw natural gas for our atmos- temperature). Of course, these mole: 5 
phere the problem becomes greatly simplified, methane and other hydrocarbons must c1 
but still is tough enough. We know that we can at the exact point on the surface of the ste 
carburize quite readily with natural gas. We where it is needed and in the amount requir 
can, strange to say, also obtain a decarburized Many molecules miss the target and produ 
surface. To do neither all we need to do is find what soot is found on the work. 
the point of equilibrium between: Let us emphasize again that if we 

1. The “vapor pressure” of the carbon in establish and maintain equilibrium  betw: 
the steel, meaning the tendency of the carbon to steel, atmosphere and temperature ws 
leave the surface. not have to worry about time or the circulat 

2. The “vapor tension” of the carbon in the of the gases. However, exact equilibriun 
atmosphere, which is related to the presence of commercially impossible to achieve, nor is 
nascent carbon, commercially possible to exclude all ox) 

4. The temperature, which determines oxygen-bearing gases or compounds fron 
these “vapor properties” of both the given steel furnace. The solution of this dilemma has lx 
and the atmosphere. found in the furnace operation we are now « 

This needs some explaining. First, it is my cussing, and that involves a constant flow 
belief and that of others too that all these fresh gaseous atmosphere past the hot stee! 
carburizing reactions take place between free sweep out any active oxygen-carrving gas 
atoms and that the elements involved can only may be carried in, or seep into the furnac 
be in this state for an instant when released exuded from the steel or the furnace lining 
from a cracking molecule. Thus the decarburi- appear as the result of reactions at the surfa 
zation of cementite by means of carbon dioxide of the steel. Gas circulation merely has 
can only take place if a molecule of CO, hap- effect of bathing the hot steel constantly) 
pens to crack up next to a particle of iron car- gas of fixed composition; in other words 
bide that had just released an atom of carbon to taining constant item (2) above (atmospl 
put it in a free or nascent condition. The reac- The problem then resolves itself in the 
tion may therefore be written thus: trol of the flow of raw natural gas past the st 

tool since the carbon content of the stee! 
rez li —> Se + C’ the temperature are fixed by specificatio 
COa + CO+ \ higher the temperature the lower t! 
flow of gas necessary to hold the carb 
and the result is 3 Fe (decarburized iron) and avoid carburization, since more nasc 
two molecules of carbon monoxide. atoms are available (the atmospli s 

In other words, decarburization is a gamble higher “vapor tension” of carbon). ! g 
depending upon the chance meeting of the the carbon content of the steel, the | S 
authorized molecules of cementite and decar- carbon “vapor pressure,” and m 
burizing gas which thereupon produce the nas- atoms must be provided in the atn 
cent atoms in close contact and they then establish equilibrium between the tw 
perform the reaction. The more cementite mole- in contact. By means of proper fl 
cules (higher carbon steel) and the more oxidiz- the gas line to the muffle, and evalu 
ing gases present, the greater the probabilities of flame jet of the exit gases, calibrat 
such a meeting of these atoms and the greater made and operations repeated. | 
the decarburization at the surface (temperature steel with its temperature of hard 
remaining the same) its predetermined rate of gas flow 
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art Li—The Steel 


By L. H. Grenell 


Vaterials and Process Engineering 


Frigidaire Division 


General Motors Corp. 


HILE the previous paper has discussed 


+} 
rit 


various 


reactions of 


with 


those 


ommon gases that cause scaling or decar- 


on 


to the effect of the composition of 


ol 


steel, 


ho 


consideration 


been 


the 


has 


being treated on the furnace atmosphere 


essary to produce the desired results. 


Elimi- 


of scale in heat treatment is relatively 


\ 


the use of atmospheres produced by 


combustion of many types of fuel, but 


ll such atmospheres cause decarburiza- 


which results in fatigue failures and a soft 


hardened parts. 


As a result, most fur- 


itmospheres are adjusted to produce a 


rances Are Deceiving! 
'y O.005 but was 
right had 0.010 


amount 


ol 


scaling 





still 


avoid 


lool at left scaled 
hard 


im. 


of 





underneath. 


soft 


shin 
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which 


decarburization, 
the 


decarburization. 


since an atmosphere 


forms proper scale will usually prevent 


In other words, a compromise 
atmosphere is used which must be adjusted for 
each tvpe of steel treated 

An 


require a better understanding of the causes of 


improvement in this situation would 


decarburization, and in the following the writer 
data the 


relative to the effect of various compositions of 


has assembled some from literature 


the steel on its decarburization by hot gases. 


Gases Producing Decarburization 


order determine to 


In to 


decarburization, a knowledge of the gases pro 


susceptibility 


ducing this effect is necessary. In Engineering 
Research Bulletin No. 18 of of 
Michigan, W. E Jominy reports a study of the 


relative power of various gases to remove car 


the University 


bon from various. steels. Arranged in the 
approximate order of decreasing power to pro 
duce decarburization, the following gives the 


results of tests on simple atmospheres, that is, 
of essentially one gas. 

1. Wet hydrogen gas was found to be the 
most strongly decarburizing, producing a notice 
able effect at 1000° F. for 24 hr. 


present in nearly all prepared 


As this gas is 
that 


not been dried, it probably accounts for a large 


Cases have 


part of the decarburizing effect of these gases. 
However, adjustment of the ratio of hydrogen 


to water vapor effectively reduces its effect 


2. Carbon dioxide is the next most active 
decarburizer, causing decarburization at tem 
peratures as low as 13500 F rhis gas is also 


present in prepared gases and its action may be 
controlled by proper adjustment of the carbon 
monoxide to dioxide ratio. 

3. Steam was found to cause perceptible 
at 1150° F., while air 
showed very litthe decarburization after 5 hr. at 
that 
scale formation seems to prevent decarburiza 
thre 


decarburization after 5 hr. 


the same temperature. Jominy points out 


tion; this probably accounts for results 


reported for ai 


1! Pure, dry hydrogen did not decarburize 


after one hour's heating at 16000 F.. and very 
little after one hour at 17007 1 As little as 
1° moisture, however, produced decided 
decarburization at 1350) 1 

» Pure, dry nitrogen did not produce 
decarburization, but moisture or oxvgen in 


amounts as low as 0.1 to 0.3 in nitrogen causes 


decarburization. 








































fhe unsatisfactory results caused by the 
presence of moisture in atmospheres for bright 
annealing or heat treating is pointed out by 
A. G. Hotchkiss in the April 1937 issue of Mera 
Procress, and a method for determining the 
amount present is mentioned. 

The above gases include those which are 
most likely to cause decarburization or scaling 
and are all found in pre-formed gases used for 
heat treating and in open gas furnaces where 


’ f Sa secel s 


prod of combustion form the atmosphere. 
Lhe desirability of removing moisture is readily 
apparent from this investigation and is a factor 
which has received little attention in 


the design of some furnaces for heat 





that an atmosphere that gives satis 
results for a given steel at one temp 
may be unsatisfactory for a_treatme 
higher temperature necessary for the 
structural changes. 

Alloy Content of Steel 


to Jominy’s investigation, we find tests n 


Referrin 


a number of alloy steels which show t! 

parative resistance of these steels to decay 
rization. Tests made in moist hydrog 
carbon dioxide gave results parallel | 


made in typical gas furnace atmospheres 


taining small amounts of carbon mi 
77 at) sp or 
/Eemperature, ; 

700 800 900 1000 





treating in controlled atmospheres. 600 


The usual method relied upon. to 
overcome this condition is to use 
atmospheres in which the ratios of 
hydrogen to water vapor and carbon 
dioxide to carbon monoxide are such 
as to avoid decarburization at the 
temperature used, with the alterna- 
tive of using a sufliciently oxidizing 
atmosphere to form a minimum of 
scale and thus prevent decarburiza- 
tion. However, this latter method 
results in some dimensional change. 

Carbon Content of Steel The 


equilibrium of steels of various car- 


60 ft 


Per Cent Carbon Monoxide 


bon contents with carbon monoxide 
and carbon dioxide has been investi- 50 
gated by M. L. 
in the Journal of the Iron and Steel 


Becker and reported 








Regio 
Where the 





bho 








Institute, Vol. 121, 1980, Part 1, page 40 


His principal diagram is repro- 


ad 
eheds. 
duced herewith, which shows that for 
an atmosphere containing only car- 


bon monoxide, CO, and carbon 


but decarburize 0.80%. C steel and higher. 
1700° F.. (point B) is relatively inert to 0.20' 


dioxide, CO., the permissible amount 
of CO, to prevent decarburization 
and carburization varies with tem- 
perature and carbon in the steel. At 
1200) BF. O66", CO. causes no change in either a 
carbon steel, while 
only 19.55 (CQ. is 


0.10 carbon steel or a 1.50! 
at a temperature of 16500 F 
permissible for the 0.10° carbon steel and for 
the 1.50 


CO, has dropped to 2' 


carbon steel the allowable amount of 


These data indicate that the composition of 
the steel has a very definite effect on the com- 
position of the atmosphere which will cause no 
change of the steel with respect to decarburiza- 
tion. Furthermore, the femperature used for 
heat treatment must be considered to the extent 


CO. at 


carburize 
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- Phases are ~| 
re / in Equilibrium | | 
\) , 
| n'y. = = 
ng | Carburizing Curves are t 
| as — Pressure of | Atmosphere 
“/ (760mm. hg.) 
. After M.L. Becker 
/ Journal L&SL., 1930-1, 5 
1200 ‘400 1600 800 


Temperature, F. 


Carburizing Reactions Depend on Carbon in Steel. 71 
20% CO, at 1150° F.C point A) will carburize 0.100% € st 


However 9 { 


lower carbon and decarburize higher 


together with substantial percentages 
dioxide (the amount of water va] 
stated). 
by heating at 1600 


rizing grades of steel were carburize 


Results discussed below wel 


F, for one hout 


hvper-eutectoid case before testing 
The straight chromium steel 
appeared to be most susceptible to d 
tion of those tested. The silico-ma! 
S.A.E. 9260 and the plain carbon st 
resistant. 
be 


s 


were slightly more 


results which had previously 








little difference was found in the rate of | R 4 
“ fli-- The Results 


iburization of plain carbon steels made by 

rent processes. The nickel-chromium steels 

EF 3950 and 3115 were somewhat more ; , ‘ 
By E. C. Adkins 


stant but not quite as resistant as the 3' 
In Charge of Heat Treating Dept. 


| steel S.ALE. 2320. The chromium-vana- 
The Cimatool Co. 


steel S.A.E. 6115 gave about the same 
Its as the straight nickel steel, but a tungsten Dayton, Ohio 


steel, containing 0.412. chromium and 1.37°' 


sten, showed only about half the depth of TT HEN CONSIDERING results of heat treat 
rburization. The 1.50°. chromium. steel ment in various atmospheres, it is proper, 
\.E. 52100 was little, if any, more resistant I suppose, to refer first to the older type 
the tungsten tap steel. A cobalt high speed of open-fired gas furnace which is still used 
containing 12.23'. tungsten, 3.92°. chro- rather extensively. The atmospheres in this 
n, 2.11 vanadium, and 3.52% cobalt, tvpe of furnace are naturally the products of 
ved no decarburization at the temperature combustion, the result of a mixture of fuel gas 
est. With the exception of the S.A.E. 5150 and air, and are dependent upon the operator's 
9260 steels, all the alloy steels appeared to opinion as to what constitutes an oxidizing or 
re resistant to decarburization than plain reducing atmosphere. I have failed to find any 
steels of similar carbon content. so-called reducing atmosphere in this type of 
\n interesting effect of atmosphere on 18-4-1 furnace; neither have I found a non-oxidizing 
speed steel was reported by J. P. Gill in one that was not decarburizing. Usually an 
s Campbell Memorial Lecture summarized in extra effort toward a reducing atmosphere will 
uw. Progress, November 1936. The inside of increase decarburization and scaling when | 
es of high speed steel heated in carbon reduced pressure in the chamber allows air to | 
ide did not reach the furnace temperature infiltrate from the outside. 
20 min.; when heated in carbon dioxide the Until a few vears ago, most authorities 
we temperature was reached in 12 min., recommended a “reducing atmosphere” to pre 
i: sample heated in air exceeded the fur- vent decarburization. The general opinion now 
temperature in 5 min. The rapid heating seems to favor the opposite—an_ oxidizing 
e samples heated in carbon dioxide and air atmosphere which forms a protective scale, thus 
sed the outside of the samples to be over- preventing decarburization underneath. This 
ed and affected the grain size, and only by latter opinion has been upheld in my experience 
stment of furnace temperature could sam- except in the case of high carbon, high chro 
be heated in carbon dioxide to reproduce mium steel and a few others. It is generally 
iting curve obtained when heating in car- known that high carbon, high chromium tool 
lmonoxide. Furnace atmospheres high in steel does noi scale readily, and decarburization 
dioxide show effects similar to the tests therefore may take place before a coating of 
substantially pure carbon dioxide. scale is formed. Another steel containing 1.25‘ 


carbon and 3.5‘. tungsten scales readily enough 


Summary but decarburizes readily in spite of the seale. 


Most eutectoid steels, whether straight carbon or 


e data presented above, while insuflicient alloved, perform similarly to the tungsten-car 
de definite recommendations for specific bon steel just mentioned. 

lions, provide a valuable guide to one The greatest difficulty is experienced when 
to use atmospheres for heat treating. attempting to heat rather large pieces with 
Oliver of the Dayton ( hapter presented a cross-sections of 6 in. or more without decarbu 
t Tri-Chapter meeting in April 1935, in rization, pits, or soft spots. It is then that the 
e pointed out the desirability of some hardener would give his kingdom and _ fifty 
entation for each application of atmos- hours of his time, not for a horse, but for an 
heat treating due to variations in the atmosphere to heat this piece thoroughly to the 
on of the gas supplv. Knowledge of the proper temperature without suffering surface 
ontent of the prepared gas is of con- defects. We usually obtain fair results in a 
importance in’ securing uniformly “reducing atmosphere” with suflicient pressure 

ry results, to prevent entrance of outside ait 
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So much for the open furnace, gas fired. 
Now consider an electric furnace without atmos- 
phere control, My experience with this type of 
furnace for the hardening of tools has not been 
particularly satisfactory. The atmosphere = is 
whatever God sends and is usually bad often 
Worse Atmosphere control is absolutely neces 
sary in either gas or electric furnaces. 

Prepared atmospheres in these furnaces are 
usually the product of partial or complete com- 
bustion of fuel gas, or gas-air mixtures based 
principally on CO:CO, ratios. Allowing for cer- 
tain exceptions, | have found such an atmos- 
phere to have few advantages over those 
Obtained in the open-fired gas furnace, other 
than as a better, simpler means of regulating 
and controlling the atmosphere. In other words, 
my experience is that with most steels the best 
results are obtained from an atmosphere com- 
parable to that of the open-fired gas furnace, o1 
one containing some free ©. and little or no CO. 
There are, of course, some exceptions such as 
the above-mentioned high carbon, high = chro- 
mium steel, which may be heated in an atmos- 
phere containing considerable carbon monoxide 
with fairly good results. Even then there is 
formed a thin coating of oxide which so strongly 
adheres to the steel that it can be removed only 
by pickling or grinding. High speed steels 
behave in much the same way in this atmos- 
phere, although they form a little heavier 
coating of seale which will flake off almost 
completely during the quench. 

Similar results may also be obtained with 
high speed toolsteel in an open-fired gas furnace 
by adding raw gas to the combustion gases and 
controlling the pressure or velocity of the com- 
bustion gases. Or it might be possible to obtain 
such results from the combustible gases alone 
by cutting down the air at the burner, if it were 
possible to maintain the temperature required 
with such partial combustion as is necessary to 


produce the desired atmosphere. 


Must Eliminate the Oxygen 


From my own experience, | am convinced 
that it is impossible to heat steel in any of these 
atmospheres without getting either scale or 
decarburization. | believe that so long as there 
Is OXYgen present in any form or combination, 
we will get scale or decarburization unless there 
is present another element which will overcome 
its deleterious effects. Even then, only a small 


amount of oxvgen can be tolerated. 





Ihe atmosphere we are seeking is 
which steel mia be heated indefinitely W 
any oxidation or change in composition 
we so. desire. Until such atmospheres 
obtained, heat treating will remain a } 
miss process, the results of which will rv 
more or less unpredictable. 

It is my belief that the solution to this 
lem lies in the use of a raw hydrocarbo . 
such as the natural gas obtainable in Ohio. W, 


all know it to be a simple matter to carbur 


low carbon steel with this gas and when I s k 
of an atmosphere of raw gas, it will be assumed 


by many that we will have a carburizing « 
tion for any type of steel. However, | have 
found that a high carbon steel can be d: 

rized as well as carburized in an atmosphere of 
this raw gas at any temperature between 1300 


and 1900° F, 
same has been found true of many diffe: 


During the past two vears, th 


steels, such as high carbon, high chro 
straight carbon and alloved toolsteels, and « 
medium carbon alloys such as S.A.E. 3145, 6! 
and O10. 


hand, we have treated all the above steels 


With proper control, on thi 


no scale or decarburization whatever. 

I do not mean to imply that the pass 
one definite amount of raw gas through th 
chamber will give the same results on all types 
of steel. An atmosphere may be neutral 
tvpe, decarburizing to another, and car! 
to still another. For instance, an atmospher 
that is neutral to a 1.00‘, straight carbon ste 


may be carburizing to S.A.E. 5150 and di 


burizing to a 1.00% carbon steel alloy 
tungsten. With proper regulation and 
of natural gas, I can state that a neutral, 
burizing, and a decarburizing atmosphe! 


; 


be produced for almost any type of s 
originally determining standards of p! 
for establishing any desired atmosphe! 
must first start at either the carburizing « 
burizing point and work toward the ob}: 
trial stages. Having once gained thes: 
is a simple matter to duplicate the req 
ditions and obtain identical results 
Among the obvious advantages W 
resulted from the use of this atmos} 
freedom from scale and subsequent loss 
eliminating pack hardening of steels 
’ 


merly could be hardened in no ol 


heating thoroughly without dete! 
greatly decreasing cracking during t! 
reducing the distortion (due to thi 


quench from a falling temperature) 
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Suriace 
Hardening 

with the 
Oxyv-Acetylene 


Flame 


By A. Kk. Seemann 


Engineer 
The Linde Air Products Co. 
New York City 


LURING the past decade a_ considerable 

) nount of research has been devoted to an 
estigation of the commercial and metal- 
phases of what is now quite commonly 
While 


concept of the process is a simple one, 


is the “flame hardening process.” 


en found necessary to study the metal- 
her carefully and, of course, develop 
ssary oxy-acetvlene apparatus to apply 
ess commercially, 
se some confusion already exists rela 
hat is meant by flame hardening, it 


propriate to define it as a process 


} 


the surface of a ferrous material, 
hardening by quenching, is locally 
through the agency of an oxy-acety- 
. followed by a suitable quench. The 
es not alter the chemical composition 
il and, therefore, should not be con- 

case hardening, 


nitriding, Chap- 


cvaniding and other processes in 


surface composition is changed to 


illovs, 
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Two Heating Blowpipes. Each With Multiple Flames, Slowly 


Traverse One Tooth After Another. Water nozzles are attached 


to each blowpipe so the hot metal may be quenched promptly 


Advantages o} the Pros “ss Lhe essence ol 


flame hardening involves the production of a 


temperature gradient in the steel, whereby the 


cal 


surface portion to be hardened is raised to a 


temperature above the allotropic transformation 


temperature while the remainder of the steel 


body is to all intents and purposes unheated 


Phis not only makes it verv much easier to 


quench the surface zone to lye hardened 


(because it is not necessary to abstract a large 
amount of heat from the center) but likewise ts 
of real benefit with respect to the ductility of 
the hardened zone so produced. In usual hard 


ening methods case and core both undergo 


oa 


allotropic transtormations (phase change) and 


the accompanying volume change in the cor 
produces a marked increase in the magnitude 
of the internal stresses in the hardened cass 

By eliminating this deep seated transformation, 
these internal stresses are avoided, with the net 
result that spalling, chipping and similar difl 

culties common to very hard cases are reduced 


markedly Experience has shown this to be of 





major industrial advantage, and relatively duc- 
tile though hard surfaces have been produced 
on articles of such size and shape as to make 
the production of satisfactory cases by other 
methods impractical. 

lhe process therefore has many applica- 
tions although it is by no means a universal 
method of local hardening applicable to all 
tvpes of such heat treating. It has outstanding 
advantages such as the hardening of wearing 
surfaces on large machine parts that are diffi- 
cult, costly, or impossible to heat treat by other 
methods. Flame hardening is peculiarly suited 
to applications where a hard surface with a 
tough, ductile core or body is desired. 

There are applications where some machine 
part, because of desired physical properties. 
must be of an alloy steel unsuited to case car- 
burizing. The flame hardening process provides 
an excellent method of obtaining the desired 
hard surface without changing the properties of 
the core. Highly specialized methods of heat 
treating with specially designed furnaces have 


been developed for differential hardening of 


The Shoulder of These 8. {.E. 


While these have been 


continue to be very successfully used, t] 


many parts. 


many places where flame hardening cai 
them. The speed of heating in these 
furnaces is slow as compared with 

acetvlene blowpipe with the result that ¢ 
and consequently the hardness, penetrat 
vreat a depth. This often sacrifices the 
hardness in order that the body or cor 
piece will retain the desired properties 
more conventional methods of different 


ening must avoid thin sections, say 


because the slow speed of heat input 1 


entire section to the hardening temperat 
the other hand, the speed of heating by 
acetvlene flame is so fast that sections 
as *. in. and even thinner may be surfa 
ened with proper technique. 

The hardness obtainable by the flar 
ening process is at least equal to that obt 
on steel of the same analysis afte 
heating and then quenching. In fact, or 
sections the unheated underlying met 


assist the external quenching medium 


1045 Crankshafts Vust Be 80 Scleroscope Hard. lo 


H ear Against a Bronze Seal so the Shaft Is Spun in Front of a Localized Heating 


Flame, Then Dropped Into the Quench. Photo courtesy Norman E. 


HW oldman @ 
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ise of a less drastic quench than would 
se be required. 

1use the part is briefly raised above the 
int and then promptly quenched, flame 


d parts are scale free. Generally speak- 


well within) manufacturing 


storuon 1s 
es. Obviously, as distortion is a func 


material and depth of 


Lible kness. of 


sreat care must be exercised in hard- 


— =~ 


such sections are 


Phick 
the 


S¢ Tons because 
sections 


but 


he heated throughout. 


ho problem because core 1S 
heated. 

hardened depth may be varied within 
ble limits. It is a function of heat input 
versing speed, and because both factors 
er complete control, case depth is uni- 
Ordinary requirements call for from 
the surface. 


of hardened metal at 


orrect conception of flame hardening 


1 process having high adaptability as to 

shape, and composition of the metal 
der heat treatment. This has been borne 
practice and is illustrated by the com 
hardening of such varied articles as rail 
mp liners, crane wheels, gears, tractor 


a 
> 


f s()-} lame 


Nested 50 Jaws for Pipe Wrenches. The surplus gas nozzles are plugged. the flame traverses 


Heating Head Is {ttached to a 


Surface 


Viodern Cutting Machine. 


to be hardened. and the heated metal is 
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shoes, sheave wheels, machine wavs. valves. 


crankshafts, camshafts, and many othet 


Phe 


this is a fact because the 


)) irts 


fests mad 


process also sugg portability 
apparatus requirements 
and lig 
brought to the 
bulky 


a modern furnace 


are comparatively it in weight 


The 


work. It is a great 


= 


simple 


tool can be, and often is, 


contrast with a mass 
of brickwork comprising 
freedom in the 


This process permits greatet 


selection and treating ol desirable steels w hic hh. 


when furnace hardened, are prone to check ol 


crack, This is true because only il comparatively 
thin laver of metal is raised above the critical 
point, cooling is both external and internal, and 


the effect of dilatation is consequently reduced 


Steels In general, anv steel which mav be 
hardened by simple heating and quenching may 
be treated by the oxv-acetvlene fame In addi 
tion, cast iron and alloy cast iron may be flame 
hardened. The list of ferrous materials sus 


ceptible to flame hardening is an imposing one 
It includes practically all the S.A.1 


more than about 0.35 


steels with 
carbon, and some others 


sraphitie 


s 


like carbon-vanadium, cromansil, and 


steel. In order to obtain a maximum degree of 


hardness the carbon content should be at least 





on the Bed of WU hich Are 


immediately quenched in a water spray 





O40 Steels containing more than 0.70‘. car- 
bon require greater care to prevent surface 
checking or cracking. The most desirable steels 
are the low alloy steels, but certain of the high 
alloy varieties may be sufliciently hardened 
without a water quench. 

Phe alloy steels have the additional advan- 
tave that they resist tempering to a much greater 
extent than plain carbon steels. Such tempering 
occurs to a minor degree (in steels which have 
had a preliminary heat treatment) in the zone 
immediately below that which has been hard- 
ened. This may be of engineering importance 
where high fatigue stresses are involved. 

In general, fine-grained steels are preferable 


to coarse-grained steels, vet the shallow harden- 


ing characteristics of fine-grained steels are not 
a disadvantage because of the relatively thin 
laver to be hardened. Steels of the S.A.E. 6100 
series (chromium-vanadium) have proved to be 
particularly adapted to flame hardening because 
of the grain refining influence of vanadium. 

Vethods It is convenient to divide the 
application of the flame hardening process into 
four methods. They may be referred to as (1) 
stationary, (2) progressive, (3) spinning and 
(1) combination. 

The stationary method refers to those opera- 


tions where the blowpipe and work are motion- 


less during the treatment. This is sor 
known as spot hardening. 

The progressive method reters | 
operations where the blowpipe and _ the 
move with respect to each other and th 
is quenched as heated. Illustrative 
method is the flame hardening of flat s 
such as ways for machine tools. 

For flame hardening a plane surf 
lighted blowpipe, with a head produci 
cient flame area to cover the path to | 
ened, is directed along the’ surface 
maximum speed which will heat the s 
zone above the critical. Immediately bel 
flame is a stream or spray of water wh 
gressively quenches the heated surfac 
is determined by operating variables s 
flame intensity, type of steel being treated 
the temperature desired. It may vary f1 
10 in. per min., although the usual sp: 
between 6 and 8 in. per min. 

The blowpipe head should be placed s 
the tips of the inner cones are ,;'; to !. 
the surface being hardened. 

On circular work of large diame! 
most successful method is that of heat 
quenching by one rotation of the par 
tvpe of hardening is a variation of the prog 


sive method except that the blowpip: 


~ sat. 


From Pipe Wrench Jaws ( Page 249) to Wobbler Pads on a 9-Ton Spindle Well Illustrates the ¢ 
tence and Adaptability of a Modern Cutting Machine Equipped With Flame Hardening Atta 
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ted, the 


iry and the work rotated. A spray of 
ng water is directed against the heated 
immediately following the blowpipe. 
e spinning method is applied to rounds, 
s shaft bearing areas. The blowpipe is 
iv and the work rotated before the 
s. When the entire area has reached a 
temperature, the quench is supplied 
the work is still moving. The speed of 
is not critical; it is usually about 100 
but may vary from 80 to 120 or more. 
pical examples of this sort of operation 
hardening of local areas on shafts (see 
w on page 248), and the hardening of 
vear pinions having very small teeth. 
Where the diameter of the part is greater 
| in., two or more blowpipes will be neces- 
the blowpipes being mounted to heat the 
irea from opposite sides. 
he time required for hardening by this 
“i will vary from a few seconds to 2 or 3 
depending upon the diameter of the piece 
number of blowpipes, depth of 
ess desired, and other factors. It is gen- 
indesirable to take more than 3 min. for 
ng-—-any piece that requires more 


d have more flame, or be treated by the 


slow revolution method. 


a portion of a large head may be operated if so 
desired. 

In addition to all purpose heads, it has been 
necessary to design heads for specialized appli 
cations such as gear tooth hardening, crankshaft 
hardening and the like. 

For progressive hardening it is often con 
venient to mount the apparatus on one of the 
standard oxy-acetvlene cutting machines. It so 
happens that the desired speed falls within the 
range of speeds obtainable with cutting 
machines and they thus become ideal traversing 
devices. Except under unusual conditions it is 
inadvisable to consider manual operation, 

Quenching arrangements are easy to set up. 
In many small operations a stream of water 
from a round nozzle will cover the area to be 
Where a 


quenched, a fan-shaped nozzle or spray may be 


hardened. wider path must be 
used. Either of these is easy to make or get 
For progressive work, or for the slow revo 
lution method, the pipe carrying the quenching 
water should be aflixed to the blowpipe holder 
in an adjustable manner so that the operator 
may direct the stream properly on the hot steel. 
The quench should follow the last flame closely 
without interfering with if this space may 


vary up to about 1 in. 


the combination method is a combination Better results are usually obtained when the 


e progressive and spinning methods and is water for cooling the blowpipe and the water 


ed to rounds where a considerable area is for quenching the steel are separately controlled. 


be treated. The work is rotated before the For many of the spinning operations on 


vpipe which gradually traverses the piece smaller parts, it is advisable to quench with a 


‘ 
= 


situdinally. The flame is immediately fol- large volume of water under low head which 


ed by a suitable quench. An example of this can be released to cover the entire part instan 


od is the hardening of the internal area of 


linder, 
\pparatus—From a= description of the 
ds, it is apparent that many articles may 
ne hardened by common machines, such 
ithe, if a suitable blowpipe is substituted 
ordinary tool. The major development 
is been concerned with the design of 
tvlene apparatus of sufficient ruggedness 
lexibility to operate under rather severe 
¢ conditions. It is necessary that such 
tus be water cooled and of suflicient gas 
fo treat an area of reasonable size in 
ition, 
rder to insure uniform heating, a sufti- 
mber of multiple tip heads are necessary 
| sizes. In order to accommodate vari- 
lths as well as irregular profiles, tips are 
lv of the threaded removable tvpe in 


engths. Plugs may be used so that only 


taneously and flow over it in a continuous 
stream for the necessary time. 

Stress Relieving Hardening should imme 
diately be followed by a low temperature draw 
to relieve the quenching stresses. This need not 
exceed 400° F. and may be conveniently done 
in an oil bath or oven. This insures against a 
tendency to surface checking or cracking, and 
will not reduce the hardness. 

Cost of Treatment It has been found that 
! sq.in. of steel may be hardened with the 
expenditure ol about 1 cu. ft. each of ox, JOC and 
hese figures will serve as a basis 


Labor is diffi 


acetylene. 
for general estimating purposes. 
cult to estimate because it depends to such an 
extent upon shop facilities, the degree of 
mechanization of the particular application, and 
the amount of work going through. In this con 
nection one can estimate that the usual sper d of 


progressive hardening is 6 to 8 in. per min 
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Metal Yachts 


Race 


for the Cup 


By John Scott Hughes 


The Times: London. England 


bene design, the development of high 

-A tensile strength corrosion resisting alumi- 

nui alloy s. and the progress of metallurgy 

generally, have had a profound effect on the 
design of modern America’s Cup yachts.” 

lt is well for the sailor, when he gasps with 

wonder at what the scientists are doing for his 

ancient art, to find an authority who can put the 

matter so neatly for him. he words are those 

of W. Starling Burgess, who with Olin Stephens, 

designed the successful up defender Ranger. 

the racing vacht of today is more the prod 

he laboratory than the shipwright’s shop. 

Ss art in the job, of course, but art here is 

dmaid to science. Formerly the design 

ht was the work of hand and eve. 

¢ a block of wood till it took the shape 

sought that was how the ship was 

that was how George Steers designed 

to-be-forgotten America, the schoone1 

the Cup in British waters in 1851. That 

Starling Burgess’s own father began: 

how most designers of the time worked. 

the great Nathanael Herreshoff. who 


began his successful work on ( ip vacl 
in TSO, 

The change from the whittled model to thi 
drawing board and the calculated curve. how 
ever, Was not more revolutionary than the adop 
tion of metals, not only for the hull (for that 
has been a sradual process reac hing over many 
vears) but also for the masts and rigging, so 
that today the whole delicate structure of a 
racing vacht is a job for the metallurgist, the 
engineer, and the stress « \pert 

More progress has been made in the last 
half-dozen vears than in all the time since th 
British vacht Mosquito was built with an iron 
hull in the 1850's This new era of intense 
activity began with the American vacht Ente: 
prise, concerning which Merat Progress pub 
lished an article at the time of her launchin 
seven vears ago. It will be recalled that Enter 
prises lavish use of metal included a bronz 
hull on steel frames, and that, a little later in 
her career, a mast of riveted duralumin dis 
placed her wooden spars 

In England metals had been much less 
extensively used up to that time, but when the 
wonderful Enterprise had taught us such lessons 
and set the pace we began to get very busy 
Endeavour was our answer in 1934, and Endeay 
our, steel evervwhere except for deck and « abin 
fittings, all admit to be the greatest vacht either 
country had produced up to that time 

Endeavour Il was both a refinement and 
enlargement of the first Endeavour Her mast 
was of high tensile steel from metal specially 
rolled in Cumberland; stiffened internally by 
diaphragms, it was a splendid piece of work, and 
an improvement, some think, on the heavily 
riveted masts in the American Cup vachts 
Another of het 
Endeavour was the adoption of bar riggving of 
high tensile steel in place of the wire rope 
rigging with which the old boat had been fitted 
in 1954, 


strong bronze for her cleats. bollards and 


improvements on the old 


Endeavour made a plentiful use of a 


winches. 

But again another example of how the 
two countries learn from each other and 
Improve on the other’s discoveries though the 
new Endeavour made some advances on the old, 
the lessons that the Americans derived from th 
old Endeavour were so thoroughly embodied 
with fresh study that Ranger marked an even 
greater improvement lhe testing of tank 
models was perhaps the most fruitful in results, 


but her hull structure (Continued on page 306) 
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pounds in either system; and _ finally, 
certain composition ranges, there = ars 
versible” alloys. 
Now let us consider the differences 
two systems: There are only two solid s 
to be found in iron-nickel alloys — (a) 
Natu re of the centered ferrite, and (b) a face-centered 
a~Ve Which shows a continuous transition fro: 
may be called austenite to pure nickel. 
iron-manganese diagram, on the othe: 
three additional phases are found — (c) epsi! 
7 (d) alpha manganese, and (¢) beta mai 
fron-Manganese The alloys of iron and nickel are all ma 
of the alloys of iron and manganese, onl) 
which are wholly or in part ferritic (bod 
tered cubic in crystal structure) are ma 
The manganese alloys show no ai 
All a of expansion like the invar type (an a 
+ OVS iron and 36° nickel). Commercially 
iron-manganese alloys are probably res! 
to compositions already in use; such as 
containing up to 3 or 4‘, manganese and 
in the austenitic range (10 to 16°. mat 
and high carbon). And finally, nickel 
bon let each other severely alone (at k 
By Francis M. Walters, Jr. rolling and heat treating temperatures) 


carbon and manganese are soul mates and 


Vetallurgical Department 
of the unusual behavior of the ternam 


Youngstown Sheet & Tube Co. ; 
is easily explained by the assumption t! 
) oungstou n, Ohio » , 
bon prefers manganese to iron. 
Irreversibility — When a 7 mans 
alloy is heated it transforms to aust 
720° C. (1330° F.): when it is cooled fro: 
or a higher tem 
it remains = aus 
¥ A DOZEN metallurgists ot | PS until a tempel! 


350 Cc. (660 








were asked, “What is the 
iron-manganese system reached. This ! 
like?” ten would probably ference betwe 


reply, “Why, like iron-nickel.” transformaltl 


only 500 : t t t + + t 7 ; peratures on 


and cooling 


This answer would be 
partly right. There are some 
for 


similarities, but a great many 500 had) Ge oe reason 
“irreversible. 


Both nickel and manga- oie : rensformeation 80k nese and nick 


rate 


differences. 


nese extend the austenite field vaste up the 
and restrict the occurrence rTyy TTT Tysif tion of iron v¢ 
of ferrite and = delta” iron . | ATT . but with m 
(body-centered cubic); the =e eee allovs (4 to | 


solidus-liquidus is much the ad 2 On i Ge ee ganese) and 
0 allovs (8 to 30 











same in both systems —a 
gradual decrease in tempera- Per Cent Nicke the austenite « 
ture from the delta region to lron- Nickel Constitutional Diagram, Ac- sition tempé 
the freezing point of the alloy cording to Merica in @ Metals Hand- lowered — sufl 


ing element; there are no com book. Only two structural phases exist. stop the dif 
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or manganese in iron and to “freeze in” unit cell and beta manganese is also a complex 


stenite until the temperature is driven low cubic, but with only 20 atoms in the unit cell 
by super-cooling to bring about its (see the data sheet, page 137 in the August 
position mechanically. issue). Gamma manganese is face-centered 
ysilon Phase — When binary alloys con- tetragonal, a crystal structure almost like that of 
from 9 to 30°. manganese are cooled, austenite. The transformation temperatures are 


f the austenite transforms at about 170° C. alpha to beta at 740° C. (1360° F.); beta to 


F.) to a modification which has a close gamma at 1190° C, (2180° F.). Gamma manga 


nese, the high temperature modification, 


is ductile, but alpha and beta are quite 


Lig. | T a” oe = ] he 


brittle, as might be expected from thei 
complicated structures. Manganese, puri 


fied by distillation, is hard enough to 





scratch glass, and is fairly resistant to 
atmospheric corrosion, 

Alpha manganese occurs in the binary 
allovs with as much as 50°. iron and since 


the alpha manganese solid solution retains 








the brittleness of pure manganese it ts 


unlikely that the high manganese alloys 














= tt will have any commercial application. 
7*a a-Mn Phe iron-manganese alloys with 30 to 
it 0°, manganese are completely austenitic 
: | from their freezing point to absolute zero, 
1 i| but they would probably cost more to 
L ' manufacture (with reasonably low cat 
40 60 80 100 bon) than the austenitic allovs now in 
Per Cent Manganese commercial use, and it is probable that 
Vanganese Diagram, According to Walters and Wells. they would be quite inferior in corrosion 
actions &, September 1935. Lines at left indicate resistance. Indeed, Sir Robert Hadfield 
where austenite changes to alpha or epsilon phase who made the first extensive study of iron 
ling. and the higher temperatures where the reverse manganese alloys announced that. they 


lakes place on heating. Five structural phases exist 
were resistant to malic acid (the acid 


found in apples) ! 


ed hexagonal lattice, and is called epsilon. Carbides According to the X-rav investi 
iting epsilon changes over into austenite gations of Westgren and of Ohman the two 
it 200° C. (100° F.).) This transformation carbides of manganese are Mn..C, and Mn- 
rsible. Epsilon is denser than austenite, which are isomorphous with the chromium cat 
ferrite Is less dense. bides of the same composition. No carbide of 
ese two methods of the decomposition of the composition Mn.C has been found These 
te are shown in an interesting manner results are in complete agreement with some 
dilatometer; when ferrite is formed there unpublished work done at the Carnegie Institute 
pansion, when epsilon is formed, there of Technology. 
traction. Alloys with 9 to 15° manga- These findings contradict flatly the ill 
show both transformations y =a and founded but generally current expression “Mn. 
lovs with more than 15° manganese, is isomorphous with 
’ the epsilon transformation y= «. The Fe.C.” The truth of 
ture of the alloys which have only the the matter (according 
austenite transformation is a_ nicely to Ohman) is_ that 
Widmannstitten pattern; that of the manganese may sub 
ch contain ferrite may be described stitute for iron in 
silic, masses of cementite 
h Manganese Alloys Manganese has up to nearly three 
tropic modifications. Alpha manga- atoms of manganese 
complex cubic with 58 atoms in the to one atom of iron. 
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Smooth, Non-Porous Coatings of Tin on Copper 


fhstract of articles (and discussion) by 


W. D. Jones and Edward J. Daniels 
Journal, Institute of Metals, Jol. 58, pages 193 and 199 


PRODUCTION of tinned wire from = tough-pitch cathodic treatment under conditions wil 
copper is generally carried out) satistactorily, evolution of hydrogen Specimens wert 
except that the alloy between the tin and the basis cathodically in a solution of 5° caustic si 
copper sometimes is insufficiently intimate and the nickel gauze anodes and current densities 
tin coat adheres to the rubber insulation, thus leav- from 10 to o0 amp. per sq. ft. Superficial 1 
ing the copper bare. The correct tinning of sheet to copper takes place immediately, and us 
copper and copper vessels is more diflicult lime of treatment of from o to 10 min. is s 
When copper is tinned by immersion in molten flor tinning. Cuprie oxide also becomes 
tin, there are, in general, two types of coating that slowly with copper. Doubtless other solut 
can be obtained. In the first or “smooth” type, the be equally satisfactory, but the advantages 
copper emerges from the tin coated with a laver tic soda solution are that it does not det 
of molten tin which remains in place as such until appreciably, has a high conductivity, is che 
‘ it solidifies, forming a coating, which, depending does not corrode the nickel anodes Phe 
on the conditions of solidification, may either be soda should be washed off before tinning 
smooth and bright, or may exhibit typical crystal quite possible that the electrolytic degreas 
houndaries or striations. In the second or “irregu by electroplaters also involves a cathodi 
lar’ type less tin remains on the copper and may of oxide particles exposed on the = surfae 
be either accumulated as ridges or isolated globules, copper articles cleaned in that way “tin” m 
the remainder of the surface in each case being ter than though they were degreased with | 
very thinly covered. Porosity (a factor intimately ethylene vapor. 
connected with corrosion resistance) is from 5 to Quite apart from cathodic treatment 
20 times as prevalent in the irregular coatings as production ol hvdrogen, it is also possib 
in the smooth coatings. In the making of copper taneously to deposit copper electrolytix 
ware the purchaser is usually more concerned with employing copper-bearing electrolytes. S 
appearance than with corrosion resistance; conse- reduction in the amount of porosity can be 
quently many jobs are wiped, the tin layer very in this manner 
thin, and corrosion resistance is very poor. While much of this work was don 


with an abnormally high content of oxid 
Pores Caused by Surface Oxide cially produced, the experiments were 
confirmed with ordinary varieties of ¢ 





In a preliminary study of the effect of the copper For instance, oxygen-free cop] 





quality o 1@ basis metal upon the quality o 1e 0% s 7 * 
juality of the | tal uy tl juality of tl smooth tin coatings of low porosity \ 


tin coating, it was indicated that the production ot special preparation. 


porous, irregular tin coatings on copper during hot 


tinning is associated with the presence of inclusions (Contamination of Tin Bath 
of cuprous oxide in the copper base, and that rela- 
tively non-porous, smooth coatings are produced Other work endeavored to disco, 
in the absence of such inclusions. There is a sim to which copper contaminates the tin « 
ple means of discerning the surface oxides” by its effect on the nature of the coating 
amalgamating the surface; mercury adheres to the Temperatures and times of immersion 
clean copper and converts it to a mirror surface parable with commercial tinning pract 
against which spots of oxide (remaining uncovered Two baths were used, commercia 
are easily seen under a microscope. While it is and tin-lead eutectic solder (62 on 
essential to have a clean copper surface, it is tures varied from 500 to 850° F., and t 
unnecessary to produce il Microscopie polish to 30 sec In all cases the alloy lavel 
Amalgamation is best performed by rubbing the in all specimens irrespective ol the ft 
copper surtace with a soft cloth, wet with a solu perature ol dipping or of the presen 
tion of mercuric chloride acidified with hyvdrochlori of lead. Immediately adjacent to the « 
wid, then washing and drying band of gray alloy (probably Cus 
Vherefore the problem of non-porous coatings from the tin by a white alloy (probabl) 
is, in part, one of reducing the surface particles of Particles of these compounds bre 
CUPPrOUS oxide to coppel This can best be done by ( niinued on page JIS 
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-— New Aspects 
of 
Fatigue 


and Creep 


Report by John MM. Lessells 


issociate Professor of Mechanical Engineering 


Vassachusetts Institute of Technology 


Fatigue of Metal Is an 
Especially Important Con- 
sideration in Aircraft. 
u here Speeds are High 
and Weight of All Parts 
Is as Low as Possible 


YERVICE conditions to which materials are 
‘ put by the engineer are becoming progres- 
sively more and more severe. Higher speeds 
d greater powers are being demanded of 
ighter machines. Factors of safety, so con- 
servative in past decades, are being encroached 
i greater and greater extent. Since break- 
(towns in high-speed machinery, when they do 
re unusually destructive, it is important 
engineer to know how far he can 

these safety factors and still have a 

cture. More precise application of 

heorv needs more precise test data. 

is therefore proper that a series of lec- 
strength of materials at Massachusetts 

ol lechnology (June 21 to July 11) 

closed with two well-attended con- 

me on Fatigue of Metals and the other 

1 Metals. It will be my endeavor to 


| - . 
@ spirit of the remarks, especially 


represent present trends of experi- 
ind thought. 





Photograph by Henry M 


Fatigue of Metals 


soth fatigue and creep involve the time 
element, that is /ong time — oft repeated stresses 
or steady stress month in and month out. Many 
experimenters are devoting attention to these 
problems, but that of fatigue attracted attention 
at an earlier date, and a greater mass of data 
is therefore available. We in America have 
largely studied specimens stressed in simpl 
bending. H. J. Gough, in his outstanding con 
tributions to the subject, has studied at the 
National Physical Laboratory in England all 
forms of stressing, and he outlined the extensive 
work now under way on the effects of combined 
stress. Cooperation in this program is invited, 
so that the whole field mav be svstematicalls 
explored. 

R. L. Templin of Aluminum Co, of America 
pointed out that designers usually encountered 
no difficulty in interpreting the so-called static 


mechanical properties of the light metal allovs 
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Viaver 


Greater deflections than in steel under equiva- 
lent stresses are easily referred to a great differ- 
ence in modulus of elasticity 10,300,000 psi. 
for a strong aluminum alloy as against 29,500,- 
O00 for a steel. It is different with the dynamic 
properties, since it is usually found that due to 
lack of understanding of these properties and 
mal-application of available data the particular 
design fails to give the type of service intended. 
This in spite of the wide amount of data on 
these dynamic properties. 

Contrasted with steel where the endurance 
limit is usually fixed by experiments involving 
10 to 20 million eveles of stress, the light metal 
allovs usually have a life basis of 500 million. 
Mr. Templin observed, however, that) many 
structures made from light metal alloys are 
never expected to withstand anywhere near this 
number of stress cycles. 

There is no rough ratio between tensile 
strength and endurance limit for the aluminum 
alloys, as there is for the steels. This is shown 
by a selection of figures taken from @ Metals 
Handbook. 


locomotive side rods and elec- 


Their application to such items as 


trical transmission lines was 


stress concentrations, fatigue and creep, 
perfectly elastic properties of metals, ar 
sume a mode of load application and j 
Which in the majority of cases may 
approached. While such idealized desig 
be warranted in simple structures, the t 
now forcing the designer to consider the 
conditions. 

R. E. Peterson of Westinghouse Elk 
Mfg. Co. dealt with certain phases of th 
problem investigated by him, particular 
effects of stress concentration on the 
fracture obtained under fatigue. Ons 
most interesting features of his press 
was a description of certain service failures 
their explanation. Due to the desire on t! 
of industrial organizations to suppress 
of their failures, too few papers of this type 
given, Which is very regrettable. 

The fatigue problem as it affects th: 
road industry, with particular attention | 
cal springs, was the topic of R. W. Cl) 
American Steel Foundries. It was ind 


that the physical properties of hardened s; 


Properties of a Few Important Aluminum Alloys 





then described, which empha- 


sized the importance of such 
oe ; ALLOY 
items of information to the 


Castings 


S.A.E. 35 
No. 112 


designer as (1) actual mavxi- 


mum stresses, (2) actual stress 


distribution, (3) probable Heat treated 
Wrought Alloys 


number of stress” repetitions 
during the life of the member, 


and (41) fatigue strength of the 





TENSILE 


COMPOSITION STRENGTH 


9 000 
23.000 
14.000 


2.5% Mg + Cr) 41.000 
1.0 Meg, 1.25° Mn 12.000 
Sua Cu ( Mg, Mn) 68.000 





metal. 

So the testing engineer's 
determination is therefore only one of four or 
more essential items for an intelligent design. 
his necessary change in attitude toward eco- 
nomical and safe design was emphasized by 
A. VV. Karpov, chairman of the American 
Society of Civil Engineers’ committee on struc- 
tural design. His remarks were somewhat simi- 
lar to those presented last fall in a symposium 
for that Society on Structural Application of 
Steel and Light Weight Alloys. (See “Modern 
Stress Theories,” Proceedings, A.S.C.E., 
1936, p. 1128.) 


science have profoundly influenced the design 


Recent changes in engineering 


of machines, but so far the designer of static 
structures has avoided the issue by assuming 
that these new developments were confined to 
automobiles, and high 


aeronautics, speed 


machinery. His conventional designs neglect 


October 


steels are materially influenced by the 


operation prior to quenching, by viscos 


7) 


quenching medium, by degree of in 
ness, and by the use of aluminum adc 
the steel during manufacture. 

By far the most important factor 
of surface conditions. Defects may 
surface if the coiling temperature ts 
photographs were shown comparing 
conditions on the surface of springs 
1600° F. 
peratures of 2000° F., 


with bad conditions arising 
Surface deca! 
was also discussed. This phenome! 
known and contributes more than 
factor to the reduction 

Mr. Clyne has already | 


single 
strength. 
article in Mera Progress in May Io 


forward some of these consideratt 


pase 
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the light of present known evidence, 


has not been a primary cause of aircraft 


es, as pointed out by Kk. Arnstein of the 


ear-Zeppelin Corp. He did stress the fact, 


er. that future development calls for a 
knowledge of the actual stress variations 
se occur throughout the flight history, and 
sted the 
rents in craft engaged in regular opera- 


installation of  self-recording 
describing certain of these instruments. 
summary, it may be said that a better 
standing of the nature of fatigue as a 
branch of the general problem of frac- 
metals is being given us by Gough and 
llaborators in England, wherein X-rays 
nploved (see page 276). The continua- 
this work will broaden our ideas on the 
rlving causes of fatigue. The program of 
which is now being carried out on effect 
ombined stresses (the first phase already 
vy been reported in the technical press) is 
eat significance in giving the designer a 
understanding of how materials behave 


stress, 


portant contributions are being made by 


rkers in this country. The work of Peterson 
size effect and stress concentration, already 
scribed in the literature, needs no mention 


lhe research work by Horger at Timken 
S & Tube Co. on large sized specimens 
and by H. F. 


it Urbana on heavy section rails will 


ll sized locomotive axles 


tedly lead to outstanding contributions 
knowledge. We also see definite steps 
iken to incorporate available data in 
design problems by the development of 
xle of working stresses. In this respect 
k of Soderberg and the published data 
Verein deutscher Ingenieure, described 
ov, are worthy of mention. As more 
dge becomes available, it is expected 
re rational approach to the subject of 


working stresses will be possible. 
Creep of Metals 


cep may be simply defined as an 
n elongation of a test piece with time 


onstant stress. One manifestation of 


practice would be the gradual enlarge- 
the diameter of a superheater tube. 

nm” is another phase of plastic flow 
ted in the gradual loosening of bolts in 


steam lines. 


ire but aspects of the general problem 








of the use of metals at high temperature, as set 
forth by H. J. French of International Nickel 
Co. For this, one must attain satisfactory 
mechanical properties and retain surface sta 
bilitv. The terms “high temperature” and “low 
temperature” are relative, since lead at room 
temperature shows many of the characteristics 
under sustained stress that steels do at 750° | 
to 10007 F 
bered = that 


their deformation characteristics depend upon 


Furthermore, it should be remem 
metals are polverystalline and 
intergranular movemment as well as slip within 
the crystals. 

Quite a large part of the talk was devoted 
to the problem of embrittlement during high 
temperature service. This was divided into 
three tvpes: (1) Embrittlement from prolonged 
heating either with or without applied stress, 
(2) strain aging which occurs in steel after cold 


working, (3) embritthement accompanying 
recrystallization which follows cold working 


and subsequent heating to moderately high tem 





Equipment for the Simultaneous Testing of 12 to 60 


Pieces. Depending on Length, at Constant Temper- 
ature and Tensile Load. Supposedly uniform material 
has such variable creep characteristics that a mass 


of good data for statistical analysis is greatly needed 
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points; more progress could be mad 
better collaboration between these d 
scientists. His comparison with the m 
climber having his viewpoint chan 
vreater altitudes are reached with that 
scientist as vreater fields of knowled 
made available was particularly apt to re 
work in iF¢ neral. 

The general problem of the Incre 
steam pressure and temperature during 
decade was presented by Mr. Soderbe: 
pointed out that an increase in temp: 
from 790° F, to 950° F. represented a difl 
in fuel consumption of some 187. At | 
no operating experience is available for 
temperatures in excess of 82)” F., but be 
3.000.000 and 4.000.000 kw. of new ven 
are now under construction designed to « 
at 900° F. and above. 

The Westinghouse engineers believ 
too much effort has been applied to the s 
of localized problems, such as a compat 
different materials at the same stress a 
perature without inquiring into the beha 
a single reputable material at different 
and temperatures. The result is that 
considerable quantity of data is already) 
able, much of it is unrelated and on 
therefore explore the influence of any 


the variables. Another point mentio 
Oil Industry, Especially in the Development of New Processes | 


:; , the large variation in results” whicl 
for Cracking Heavy Petroleum Into Gasoline. Is Asking o 


for Cast Metals to Serve at [Temperatures up to 1350°F. obtained from supposedly identical Sp 
New testing equipment (shown ot 
has recently been built by the Wes! 
perature. The second and third of these types Research Laboratories wherein each 
may be encountered as a result of fabrication takes 12 specimens of 20-in. gage I 
such as punching or drilling, while the first may maintains them constantly at the same 
appear in certain steels (relatively free from ture. P. G. MeVetty presented a full de 
stress) after they have been subjected to sus- of this to the American Society f 
tained heating and are subsequently cooled. Materials at the July meeting in New ) 
fests were shown indicating that certain steels relaxation test, a modification of Ri 
tested at normal temperature, after being previ- of automatically lowering the temp 
ously stressed for a long period of time at high response to creep in the specimen, has 
temperature, showed a= distinct decrease in used to good advantage. (See C. R. A 
notched bar impact value. A case in point is J. R. Gier’s paper in Proceedings 
the plain 5° chromium steel tubes, mentioned Society for Testing Materials, Vol 
in the article on impact testing in last month's 1933.) Mr. Soderberg felt that whi! 
Merrat Progress, p. 1. may be made of the previous testing 
llow creep problems affect the design of the results have undoubtedly exert 
steam turbines was shown by A. Nadai and C. R. influence on the materials in steal 
Soderberg of Westinghouse Electric & Mfg. Co. rhe creep test is regarded as 


Dr. Nadai emphasized that the creep problem source of information with rega 


has been approached by the physicist, elec behavior of such materials. In ord 


trician, metallurgist, geophvsicist, mathemati- mathematical analvsis, certain m 


clan and engineer, all with their own view established features of the creep 
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ed to be established. These assumptions 
he rigorously proved but they appear to 
easonable starting points. The problem 
laxation of bolting steels and its possible 
olation from the creep test was discussed. 
i review was given of the design of such 
is turbine cylinders, steam piping, turbine 
ind blading. 
(his general subject was resumed by E. L. 
son of General Electric Co., who pointed 
it the steam turbine requirements for 
ils at high temperature differ greatly 
high temperature service in other indus- 
llowable deformations being on the order 
of the latter, and no bigger than many 
stic strains. Misfunctioning in a turbine due 
listortion long precedes any strain likely to 
se rupture. 
Since test results on any particular com- 
mn of steel may vary 1,000 to 1 in creep, a 
unber of good test results for statistical 
sis rather than a few precise ones seem to 
ecessary to establish a satisfactory control 
itlerial. Very small elongations must 
easured but this does not save time 
he testing program, since’ progressive 
thening occurs at small strains making 
olation difficult. Identification from pres- 
vsical characteristics rather than past 
is desirable. 
Mr. Robinson’s opinion, relaxation tests 
high metallurgical value as comparative 
sts because they limit strain hardening. They 
iso practical bolt tests. But long time, con- 
stress tests are also necessary. 
pes of stress in service involve simple 
. if constant stress in buckets and at con- 
strain in) bolts, steady equal principal 
sses In rotors, steady stress with 2 to 1 ratio 
pal stresses in shells, and bending 
n diaphragms and nozzles. 


General Electric Co. has run many 


tests wherein the actual change of 
n of parts after vears of successful 
is measured. In all new equipment 
Stresses are so chosen as to prevent too 
acements. In this way temperatures 
n raised 200° F. in the last ten vears 
reater distortions in the turbines. vel 
e fuel savings in consequence of the 
perating temperature. Mr. Robinson 
ted many of these facts in his article 
Progress for September 1935. 

il refining industry is challenging the 


istry to furnish equipment suitable for 





service at temperatures up to 1450° F., reported 
J. J. Kanter of the Crane Co. The problem of 
designing steel castings for these new extremes 
of pressure and temperature presents certain 
metallurgical limitations of alloy steel castings 
not generally considered by the manufacturers 
of steel billets and tubes. Attention has been 
turned to various stabilized modifications of 
cast austenitic nickel-chromium steel; failure in 
creep by propagation of cracks through the 
interdendritic cores of these allovs is a serious 
problem. The only effective stabilizer in cast 
18-8 against brittle failure in creep seems to be 
silicon, which has the disadvantage of greatly 
reducing creep resistance. 

Studies upon the relaxation of flange bolt 
ing materials tend to show that special heat 
treatment to attain good creep resisting propet 
ties is fully as important as the selection of a 
proper alloy analysis. Alloy steel when nor 
malized generally shows vastly superior creep 
resistance than when oil hardened and tem 
pered, and the present problem is to develop 
bolting steels that respond to normalizing heat 
treatments and still give structures combining 
adequate strength and elasticity with improved 
creep resistance. The valve industry must also 
develop new non-ferrous alloys for pressure 
applications beyond the present temperature 
limitation of 550° F 

A. B. Kinzel of Union Carbide and Carbon 
Corp. pointed out that the creep problems in 
the oil industry may be divided into two definite 
categories first, those met in actual opera 
tions, and second, those presented by the 
research laboratories in their work on new 
cracking processes. It may be truly said that 
the problem of creep in itself does not play the 
major role in their choice of material for actual 
operations at the present time, because aunxili 
ary properties such as oxidation resistance, 
corrosion resistance, ductility and weldability 
are the dominant factors. Moreover, initial cost 
is an item of great moment in view of the fact 
that the apparatus in the ot] industry ts not 
built to last 20 vears, as is the case in the steam 
power field. Petroleum cracking stills generally 
are obsolete because of new designs in a very 
much shorter period. As a result, the materials 
considered most suitable as far as their techno 
logical properties are concerned are generally 
not emploved. 

For example, a 25°) chromium, 12‘, nickel 
steel containing columbium has much greatet 


creep and corrosion resistance than the © 
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chromium steel with columbium which is now 
being used in new applications in oil cracking 
stills. The latter steel, however, does have sufli- 
cient creep strength and corrosion resistance 
and is so readily fabricated that it presents the 
ideal compromise for a unit whose life is to be 
measured by vears rather than decades. 

In the case of moving parts, however, the 
problem is somewhat different. The amount of 
material is small compared to its final cost in 
the machine, and pumps and the like which 
embody the moving parts are expected to have 
a long life. Accordingly, in these applications 
high chromium austenitic alloys, stellite, and 
similar relatively expensive metals are used 
without hindrance from high initial cost. 

In the case of new cracking processes 
involving higher temperatures and higher pres- 
sures than heretofore general, both the creep 
problem and the corrosion problem present a 
real challenge to the metallurgist. Here the 
very best of materials are to be used, and in 
this case cost is not the limiting factor. As a 
result, it is necessary for the petroleum engineer 
and the research metallurgist to cooperate in 
the design and selection of steel that will meet 
very special and specific requirements. 

In this whole connection it is interesting to 
note that the use of materials having high creep 
value has preceded the determination of these 
values in the laboratory, and once again we 
have the case of materials giving satisfactory 
service before quantitative laboratory measure- 
ments have been able to predict such service. 

Summarizing all the discussion, it appears 
that in the field of creep there are at least two 
distinct problems. The first deals with the 
strictly metallurgical side and is concerned 
more with giving the engineer materials better 
able to resist the action of high temperature. 
This is also concerned with the possible varia- 
tion which might be expected for different 
materials, or different lots of what is sup- 
posedly the same material. There is, however, 
another side to the question, represented by the 
work of Nadai, Soderberg and their collabora- 
tors, which is a strictly engineering one and 
which is concerned with the use of these data 
in actual design work. Finally, a theory of 
creep is being rapidly developed based on the 
wider theory of plasticity, which will eventually 
pave the way to better understanding of the 
subject and the conclusion gained from. this 


conference is that considerable progress has 


already been made along these lines. 


Vetal Progress; Page 262 








Damping Capacity 





its practical importance 






By O. Féppl 


Director of the Wohler Institute 






Braunschweig. Germany 






Abstract from Journal, 


British Iron and Steel Institute, 1936, I 


I 


NWTRUCTURAL and mechanical designers 
usually assume that the elastic limit of th 


material under quiescent, impact or alter 






nating load is nowhere exceeded. According t 





this assumption a cyclic load would cause th 





stress-strain relationships to move up and do 





on line A between points within the elastic limits 





in tension or torsion. This assumption is sul 





stantially correct for heat treated steels stresse: 





to but a small fraction of their ultima 





strength. 
However, a series of precise stress-stra 
measurements made on bronze or a 


worked steel will show that below eve 





moderate maxim 





stress, the loading 
and unloading curves 
do not coincid \ 
hysteresis loop, Ss 

as B, is gone thr 


during each stres 





cycle; a certa 





amount of plastic « 
tortion is ass 
with purely elas 





movements. | 
Tursional Hysteresis rapid cyclic stress 
of Mild Steel After the work wi 
Over-Straining and 18 
Days’ Rest (F.C. Lea 


measured by 
of loop Boa 
appears as 
heat. It is also a measure of “damping 
itv,” for it is associated with the inhe! 
of a material or construction to chee! 
tions set up within it by external 
A most convenient way to measu! 
ing capacity is to twist one end of a rr 
piece and then let go. The rate of de 
subsequent free torsional oscillations 
the damping capacity of the specimen 
ing capacity of hardened ball bearing 
slight; it vibrates for a long time 
capacity for cast iron is great; 
vibrating very quickly. (Continued o! 








Structure of Low Alloy & High Strength Cast Irons 


Tt) 
olomicrographs Dy Nesearch Laboratory, inlernational :\ickel (4 


2. | . Xf tT» 7 
olttom pair by Genera! Motors Ress Laboratory 





'>-In. Section (S00X) 2'2-In. Section (500X) 
Nickel-Chromium Gray Cast Iron (Cylinder lron) 
Potal carbon 3.05, silicon 1.50%, nickel 1.25%, chromium 0.50 Tensile strength: 35,000 psi 





i-In. Section (500X) 21 In. Section (500N) 
“Ni-Tensyliron,” to Meet A.S.1T.M. Class 50 (Specification A 48 - 36) 
Potal carbon 3.0, silicon 1.75, nickel 1.0 Tensile strength: 50,000 psi 





General Structure (100X) Pearlitic Groundmass (2000X) 


High Strength Electric Furnace Iron for Experimental Brake Drums 
elted white; total carbon 2.10%; 2.75% silicon, added in ladle. Tensile strength: 55,000 psi. 











EXTRA DIVIDENDS 


in service 


































LASTING purchase is 
thrifty! Withsolid white 
bronze — Nickel Silver —fit- 
tings, time is turned aside 
and thrifty buyers reap their 
reward. Continuous finger 
traffic, the weather and gen- 
eral wear and tear soon 
change the appearance of hardware whose beaut 
skin deep. But Nickel Silver resists the rub of fi 
cleaning, the corrosive action of the weathe 
stresses of day to day service. Solid. with no co 
chip or peel, the Nickel Silvers are tough. t 
wear resisting and always beautiful. Their us: 
ually pays dividends in satisfactory lifetime 


STEAM condenser is a unit of thrift to 
boiler water and make it work again 
Corrosion, erosion, high pressures and tem 
are the constant enemies of condenser Lift 
tenance. Therefore, many of the world’s 
navies and commercial fleets, shore stations 
refineries are increasingly using thrifty Cupro- \ 
tubes in their condensers to increase re! 
and cut down overhaul and maintenance e 


# _ 
HE best materials are thrifty! This worm gear 
drive with Nickel-Bronze vear and Nickel Steel 

worm is an excellent example. Eight of these drives 

were installed 15 years ago on chewing gum mixing 
machines demanding steady nine-hour per day service 
under heavy intermittent load with accompanying 
stresses. Caution prompted a supply of spares for emer- 
veney replacement but they are still in storage, for 
after 15 vears the origi- 
nal drives continue to 
prove their real worth NICKE 
and low, final cost. We in- 

vite consultation on the 


use of the allovs of Nickel NON-FERROUS ALLOYS 


mvour equipment, 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N.Y. 
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Note on the 


File Serateh 


IS W 


Test 


By W. C. Hamilton 


Research Director 
{merican Steel Foundries 


Indiana Harbor, Ind. 


ELL known that steel may attain a very 
le cree of hardness on the surface due 
to work hardening or to self-harden- 


s skin hardness may be only a few 


dths of an inch in depth. When the 


, | 


rdness testing equipment of different 


used on such a surface, the thin skin is 


d and the readings obtained are not 


dicative of the surface hardness. 


other cases it is desirable to obtain the 


irdness on metals when it is not feasi- 


se regular hardness testing equipment. 


ra 


cs 


ther crude method for such hardness 
itions is a file scratch test. in which 


prepared files are used. 


this file scratch test, it has been found 


sfactory to use square files with taper- 
S in. long These plain carbon steel 
narily have a Rockwell hardness of 
lately C-65. By drawing such files at 
lemperatures, the hardness numbers 


duced to any desired degree: 


TEMPERATURE RocKWELL HARDNESS 
No draw C-65 
100° F ou 
250 5D 
H60 50 
760 16 
S40) il 
OU 35 
1040 30 
1080 9 
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“Scratch” and “No Scratch” Method for binding 


Surface Hardness by a Series of Sharpe ned Files 


It should be noted that the files could 
equally well be calibrated in terms of other 
hardness values, such as Brinell readings o1 
Vickers hardness numbers 

Files in such a series, drawn to different 
hardness values, are ground at the file-end to a 
needle point. This needle point must be main 
tained by re-grinding when necessary. 

In use it is quite necessary to have a fairly 
smooth, clean surface on the specimens to be 
tested. 

Ihe test is then made by determining the 
softest file which will scratch the surface of the 
specimen lo conserve the points, it is only 
logical to start the scratch test with the hard 
files. The precision of the test will naturally 
depend upon the number of properly tempered 
files in the series. 

An experienced operator can conduct this 
scratch test through feel: a file that does not 
scratch. slides over the surface; whereas a file 


which scratches, grips the surface. 





Improved 


Dilumination 
for 


Microscopes 


By Peter P. Tarasoy 
Incandescent Lamp Dept., G. E. Co., 
Cleveland Wire W orks 
Euclid, Ohio 


N INCANDESCENT lamp very similar to 
the sun lamp used for therapeutic purposes 
has been used by us in the metallographic 
laboratory of Cleveland Wire Works of General 
Electric Co. ever since 1931. It has so com 
pletely eliminated the disadvantages of the 
carbon are for microscopic illumination that 
none of us would willingly go back to the old 
equipment. Notable among the deficiencies of 
the carbon are are, of course, the periodic inter- 
ruptions required to change the carbons, the 
fumes given off from the arc, the annoving 
fluctuations in position and intensity of the light 
source, and the necessity for using heat filters. 

\s seen by the illustration above, this sun 
lamp is somewhat special in that one of the 
electrodes is a ring and the other is a small 
evliindrical button of tungsten, whereas in the 
therapeutic lamp both electrodes are small 
cvlinders of tungsten. This, of course, enables 
one cvlinder to be the source of light and be 
placed in the optical axis of the instrument, 
shining through the adjoining ring. The result 
ing light is permanent, non-fluctuating, and has 
a photographic efliciency about the same as the 
110-volt carbon are. A small auto transformer, 
exactly the same as furnished with a therapeutic 


sun lamp outfit, is in series with the lamp across 


Vodified Sun Lamp (~ Microphotographi 
Il Volts”) Which Avoids the Many An: 
Vicroscope Hil d 


of Ire Lamps for 


a 110-volt alternating current line 
former, when the switch is closed, 
are at 50 volts, and as the lamp lhe 


; 


voltage is automatically lowered 


volts. At this time the lamp absor! 
amperes of current and 3350 watts of 

With use the bulb gradually | 
the condensation of volatilized tu 
the electrodes, and the intensity of li 
fore gradually cut down. The effi 
drop to about two-thirds in about 10! 
use, and this is of importance to s 
graphic work. It can be used for 
nation in a metallurgical micros 
longer, perhaps three or four times 
anv rate, we find in our operations 
more or less intermittent that 
lamps every six to nine months ts 
necessary, and during this time it 
sary to lengthen the photograp! 
owing to the decrease in lamp effi 
ever loss in actinic value is experi 
than compensated by the latitude 
graphic emulsion on the film. T! 
lamps is consequently about equal 
carbons in the carbon are. 

The normal method of ope! 


lamp is with stem upward. It © 
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S 


\ ' 


sulating material, and the metal parts in 


kK 


is coats of oxide, and trouble will ensue 


witl 


» the 
e pool of mercury is so far distant from 


stem 


downward, 


but in 


that 


that the current is largely carried by 


vapor rather than by mercury vapor. 


ises the lamp to deteriorate very rapidly 


s the cost up correspondingly. 


have found some difliculty in using the 
the 


his has a large mass of 


I} socket. 


itic sun lamp. 


et become so hot they are covered with 


standard 


for 


common 


e contacts when it is necessary to renew 


1 


se of this the metal keeps fairly cool. 


) 
4 


We have avoided this trouble by mak- 
the 


It is more highly ventilated, and 


ow 


aph. 


n socket, 


which 


is sl 


iown In 


e this lamp is of a somewhat special 


it should be ordered directly from the 
Park. 


. by the following name: Microphotographic 


. 11 volts. 


re 


Wel 


ton 


course, a relatively easy matter to revise 


c exhibited 


with 


Bureau, 


Microscopes of American manu- 
Metal 


this 


method 


Nela 


the 
of 


at 


last 


as 
Ww 


Cleveland. 


illumination. 


minator of those older microscopes which 


re 


using the bothersome are lamp. 


Our 


is shown in the accompanying view. 


I entilated 
Lamp H he i 


ve cp . 


lo 


Vounting 


Is Vece 


ssary 


for 


Sun 


{dapted to Metallurgical Micro- 


feoid Excessive Oxidation of Contacts 
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Correspondence 


Copper-Lead Bearing Metals 


Some Points on Automotive Practice 


Micu 


DEARBORN 


To the Merat ProGress 


The article in the August issue by 


Editor of 
Francis 
G. Jenkins on copper-lead bearing metals brings 
up several points in connection with a subject 


which is changing so rapidly now that individual 


viewpoints can readily be very divers or 
instance, Mr. Jenkins apparently holds the con 
ventional view that the best structure for a 
bearing metal is probably that of a soft matrix 
with hard particles scattered through it. This 
view has been held by so many careful and 
competent metallurgists that one hesitates to 


controvert it, although it should be pointed out 


that the operation of a bearing is far from being 


a purely metallurgical matter, involving, as it 
alwavs does, an adequate supply of a correct 
lubricant. Therefore, it seems very diflicult to 
discuss bearings without getting over into the 


problem of lubrication, and, to my mind at least, 
an important characteristic of a good bearing 
material seems to be that it has a surface with 
the ability to hold a film of oil even though the 
pressure, speed and temperature of the rubbin: 


surfaces be fairly high. 


Mr. Jenkins notes the use of nickel as a 
dispersing agent in the casting of leaded bronze 
Phe English view, as expressed by Mr. Neave in 


his article from the Journal of 


Automobile Engineers 


the abstract of 
the British 


on page 149 of the same issue, is that such addi 


Institution of 


tion agents should be kept as low as possible 
l am inclined to agree with the English view 
While it that 
preventing lead segregation, it also causes thi 
to the 
the nickel 


is possible to 


is admitted nickel does aid in 


crankshaft 
there 


bearing score 
than if 
where if 

of 


alloving, nickel would seem to be unnecessary, 


copper-lead 
not 


IS 


more readily 


Pherefore, set ai fine 


distribution lead by chilling rather than by 


if not, in fact, undesirable. 
The propel chilling of the coppel lead alloy 


in fact, a very difficult problem, and was the 


is, 

prime reason whv the Ford Motor Co iban 
doned the very interesting process which was 
described in The Jron Age for August &. 1035 


It is probably We ll kt owl th il thre mie 


















Correspondence 


ings on the Ford motor are lined with a loose 
bushing that is, it is highly machined to close 
tolerances both inside and out and can rotate 
either on the crankshaft or on the connecting 
rod, or both. We found it very difficult to pre- 
vent lead segregating on one or the other of the 
surfaces, and for this reason as much as any 
other, we have replaced the copper-lead bearings 
with either cadmium-silver or cadmium-nickel 
bearings 

Finally, | would also cite another disadvan 
tage of high phosphorus in copper-lead bearings, 
since it probably forms in a film between the 
copper-lead and the steel backing, causing a 


poor bond. This occurs when phosphorus is up 


to as high as 0.10 or O.15‘,. 
J. L. MeCroup 


Chemical & Metallurgical Dept. 
Ford Motor Co. 


Electric Pig Lron 
Performance of Italian Shaft Furnaces 


Purtn, Prary 
lo the Kditor of Mera Progress 

Owing to the excellent results obtained last 
vear, both in Norway and in Italy, with electric 
furnaces for the production of pig iron, new 
plants of the same type are now being erected 
in Norway, Italy, Sweden and Finland. 

Fhough the different local conditions, espe- 
cially with regard to the quality of available 
fuel and ore, require special details of construc- 
tion, and special metallurgical technique, all the 
new furnaces now under erection follow. the 
principles of the original Tysland-Hole furnace, 
erected in 1928 at Christiania Spigerverk. Its 
essential principle consists in the use of long, 
continuous Soderberg electrodes, plunging very 
deeply in the furnace charge, so that the gases 
from the reaction zone preheat the charge and 
reach the top at a temperature as low as 100° F. 
Under these conditions, it is possible to close the 
furnace top and recuperate the gases completely. 

Since all air is eliminated from the furnace, 
the gases bled off contain a very high percentage 
of CO (usually about 80°.) and have a high 


thermal power (usually above 275 B.t.u. per cu. 


ft.). The average quantity of gas obtained is 
about 22.500 cu. ft. 


duced. 


per short ton of iron pro- 


It is evident that a gas of such a quality 


Vetal Progress s 








is suitable not only for fuel but for a 


applications in the chemical industry. 


convenient utilization of it is’ possil 
practically all local conditions, for sy 
as organic syntheses, reduction process 
ing, heating of furnaces or boilers. 
limestone, and so on. 

Other 


the furnaces derived from the original 1 


great advantages, character 


Hole design may be cited, such as the Ie 
of using cokes and anthracites of low q 

a reducing agent even though containi: 
percentage of fines; constant compositi 
iron produced, according to a_ predet 
analvsis; ease of obtaining irons of alp 
desired composition; low cost of inst 
maintenance and repairs; low consump! 
electrodes (usually between 16 and 30 
short ton of iron, according to the con 
of the latter) and power (from 2100 to 23 
hr. per ton of iron, depending on the q 
ore and the analvsis of product). 

As the recent improvements in the 
berg electrodes enable one to use larg 
longer electrodes of high quality, there is 
tendency in Europe toward increasing thy 
A unit of 12,000 kva., wit 


electrodes on triangle, is now in ope! 


itv of furnaces. 


Finland, giving very satisfactory results 


ver units are under erection in Italy 


A great advantage of the original Tysland 


Hole principle for large units les in U 
sibility of working with relatively high \ 
(about 160 volts), and thus limiting th 


tion losses, which increase rapidly v 


increase of the furnace size, other things remau 


ing constant. 


As I mentioned above, these development 


have taken place under different cond 
different countries; consequently, the | 
results obtained by the different plants 
considerably. 

As an instance may be quoted thi 
obtained with Italian furnaces smelting 
pyrite with coke and making differen 


; 


pig iron. The fact must be taken int 
that the calcined pyrite, after sintering 
tains more than 0.5‘. sulphur. Large ¢ 
of slag must therefore be made, 1! 
maintain a percentage of sulphur 
enough to avoid the inverse reaction, 
sulphur from the slag to the metal. 
position of the sintered pyrite ranges 
following limits: lron 58 to 62 


12',, and sulphur 0.7 to 1.9' 
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these unfavorable conditions, using 
taining large percentages of fines, two 
es of pig iron are produced: (Iron 1) 
for refining in steel furnaces, and 
an ingot-mold iron. The following 


| compositions: 


Inon | Inon I] 

Ni) ti to 3.00) to 4.00 
100 to Lov 2.00 to 3.00 
10 to 3.00 0.590 to O70 
1006 to O.O380 0.005 to O.O20 

f 0.040 0.025 to O.040 


crease of the silicon content requires 
power consumption. For Iron I the 
sumption does not exceed 2200 kw-hr. 
ton, while for the production of a ton 
2600 kw-hr. are required. 
ke consumption (using a mixture con- 
two parts fine coke to one of lump coke, 
ash and SO 


S00 Ib. for a short ton of Tron IL, and 900 


fixed carbon) does not 


lron Il. The average composition of dry 
oaS IS (0) V4 = ( () 1D . CH ] . H 
N.2 Four men per furnace are sufli- 


en for the largest units. 
FEDERICO GIOLITTI 


Consulting Engineet 





W hatsits Picked I pinan Aluminum 


I} shape S are “as-spilled,” the art work 


Courtes\ {luminum Co. of America 
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Slag Inclusions in Steel 
Standards for Size and Frequency 


SCHWE:INEFURY (;hFuRWAS 
lo the Editor of Mera ProGress 

Slag inclusions varv in their effect on the 
useful properties of steel. In commercially good 
quality thei presehce in the steel usually has 
no effect on either the fabrication operations o1 
the usefulness in service In some steels, how 
ever, their size and number must be kept to a 
minimum. This is true of steels for anti-friction 
bearings. A large slag inclusion in either ball, 
roller or race will lead to premature fracture 
the bearing will also roughen on the surface 
and therefore be noisy For this reason the 
United Ball Bearing Co. (SKF) has been running 
extensive tests for a period of ten vears to 
determine the size and type of slag inclusions 
allowable in anti-friction bearings. These stud 
ies have resulted in marked decrease in failures 
and an increase in service lift 

A suflicient number of tests must be made 
in order to get a representative picture of actual 
conditions. A minimum of ten bars are taken 
from each shipment of steel. Samples are cul 
from one or both ends of these bars. Generally 
speaking, the number of test bars depends upon 
the experience we have had with the steel mill 
whose bars are under study, the size of the ship 
ment, and our knowledge of the origin of each 
bar under test (ingot number, and position in 
the ingot). 

To minimize grinding and polishing diffi 
culties the steel should be hardened (this does 
not affect the slag inclusions) and the surface 
to be studied should always correspond with the 
direction of working. Machine polishing is quite 
suitable as long as low magnifications are used 
Samples are generally unetched. 

To obtain comparable results the magnifi 
cation and, as far as possible, the field of view 
must be standardized. A magnification of 125 
diameters into a field 3 in. in diameter we find 
quite suitable. When the inclusions are uni 
formly distributed a relatively short amount of 
time is required to examine the samplk say 
1 to 14s min. and with large, isolated inclu 
sions perhaps three times as long. It can b 
seen that one person working in a systemati 


manner can make a considerable number of 


observations at one sitting 
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n our studies the need for standards 
son or “measuring stick” for the 
id form of slag inclusions became 
Eventually seven columns of dia- 
e devised, each vertical representing 
type of inclusion and each horizontal 
iting the number and size of the inclu- 
result was a series of sketches rather 
es of photographs, and they are repro- 
page 270 (much reduced in size). 
tuld be remembered that this work 
on steels containing about 1.00‘ car- 
150°. chromium; other varieties of 
found in steels of other types and our 
s would therefore have to be augmented. 
as with the standard micros for this 
steel published in Merat ProGress in 
1933 by Styri and Walp of our American 
hese are applicable to all types of steel 
siderable extent. 
vestigation of acid openhearth — steels 
s a distinguishing group of gravish-blue 
sions designated as sulphides. These can 
issified according to form, size, distribution 
frequency under the two columns marked 
v column No. 1 represents the smallest 
s or groups of inclusions, No. 2 is next 
S1Z¢ dso on up to No, 5. 
ill openhearth steel a second variety of 
sion is found which is designated brittle 
s. These are mainly aluminum oxide. They 
rolled or forged billets either at single 
ts or ranged one close to another in one or 
es. These brittle inclusions occur not 
iid steels, but are also observed in 
different form in openhearth steel made 
her conditions of melting and pouring, 
stitute most of the non-metallic inclu- 
sin basic steel. In acid steels the inclusions 
yenerally smaller, more numerous and more 
distributed in the ground-mass; the 
els have a “cleaner” ground-mass and 
solated inclusions are 


fenerally larger. 


‘ 
— 


electric steel, like acid openhearth, 





\ 


ins mainly sulphide and brittle oxide 
is shown in columns S and B. 
two varieties, however, are not sufli- 
ISSITy basic electric steels. Besides the 
there exists only a little brittle slag; 
i mainly as larger inclusions in globu- 
lenticular form O, or in flat areas 
lore columns are necessary to com- 
diagram 0,, double lines of oxide 
ind Oy, multiple point inclusions. 
utive numbers in all columns are 
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based on the increasing area of the inclusions 

It should be noted that all these forms are 
seldom found in one steel. Of the many varieties 
only a few established types are encountered 
in one steel plant, corresponding to individual 
ities in the manufacturing practice such as 
charging, furnace’ practice, lining, melting, 
deoxidizing and pouring. Conversely, with a 
large number of samples it is possible to recog 
nize the origin, history and quality of an 
unknown sample. 

Basic open-hearth steels (high carbon-chro- 
mium steels, as in all the rest of this discussion) 
contain sulphide inclusions as in column S, 
which vary widely from heat to heat in size and 
frequency. They also contained “mixed inclu 
sions” that is, a dark oxide inclusion lying in 
a sulphide sheet. This type is prevalent in steels 
melted in the basic openhearth and finished in 
an acid furnace. Oxide inclusions of all the 
other types are likewise found. Indeed, basic 
openhearth inclusions are predominately of 
characteristic form and size, and require more 
than one symbol to characterize them — for 
example, O,-6 plus O,-5. With good melting 
practice basic openhearth steel contains fewer 
sulphide inclusions than acid openhearth. 

Steels melted in the basic openhearth fur- 
nace and finished in the acid openhearth 
contain sulphide inclusions S, brittle oxides B, 
globular and lenticular inclusions O, and O 
and flat inclusions in single or double rows O, 
and O,, together with (at times) numerous 
mixed oxide and sulphide inclusions. 

Inclusions observed in steels from the core 
less induction furnace, acid lined, show no new 
diversifications in form, size and distribution, 
Size and number of inclusions vary considerably 
even in the same heat. 

This diagram embodies a short and uniform 
method of estimating slag inclusions in practice. 
Even though it does not provide a scientifically 
accurate measurement and means of expression, 
it still presents a handy method for obtaining a 
clear conception of non-metallic inclusions in 
steel by means of a code. In any event, it elimi 
nates the need for wordy descriptions ot 
expensive photographs of individual cases 

HANS DIERGARTEN 


Metallurgist 
United Ball Bearing Co. (SkI 

































Correspondence 


67:33 Brass Sheet 
Ratio of Hardness lo Tensile Properties 


KRAKOW, POLAND 


T% MeETAI 


well-known 


the kditor PROGRESS 
Lhe 


Brinell hardness and tensile strength of annealed 


of 
relationship between 
steels can be used to secure an approximate idea 
of the strength when a tensile test cannot con- 
veniently be made and vet a hardness test can 

Similar relationships for other metals are 
little 
tions on the influence of temperature and time 
of 


strength and elongation of 67: 


known and litthe used. In our investiga- 


annealing on structure, hardness, tensile 
3 brass sheets, 
cold rolled to different degrees, we had occasion 
to collect of 


mine this relationship: The tensile strength S 


a suflicient amount data to deter- 
in kg. per sq. mm. of a completely recrystallized 


from the Brinell hard- 


sheet can be calculated 

ness /7,, using the formula § 0.2 H, + 21, 
with a tolerance of about 1.2 kg. per sq. mm. 
(To convert to Ib. per sq.in. multiply S, by 


10,000 and divide by 7.) Furthermore, we deter- 





erties on the structure and the sams 
after submitting to different rates of 
that th 


precise relationshiy 


in thickness, we concluded 


linear nor very 
such properties of work hardened shy 

Our tests are plotted in the adjoin 
which shows that the mechanical pr 
various thicknesses, each having had 


of 
(The numbers 5 to 50 on the 


amount reduction, are not necess 
same. 
the diagram show the amounts of red 
the of 


hardness and elongation.) This emph 
S 


corresponding limits tensile 
necessity for rigorous control of mate: 
fabricated into objects possessing definit: 
the lack of 


mechanical properties of the material, ev: 


erties, since uniformity 


identical operations, would confer 
properties on the objects made. 

We would also like to emphasize thy 
of primary grain size on the mechanical pr 
ties obtained either after cold work 


The 


initial recrystallization seems to be indep: 


recrystallized sample. temperat 


(le 


for a given 
takes 


of the primary grain size 
but 


more rapidly as the primary grain is smalle! 


ing time recrystallization 


L. Loskiewr 














mined that minimum elongation (gage length 
10 times the width) in these sheets can also be General Metallurgic 
calculated from the tensile strength by the Krakow Academy of M 
formula E 120 — 2 S,. ; 
< % Cold Reduction > 
Ihese relationships 
: &O 
are only applicable to ® 
completely recrystallized Q 
oe ae ; 9 
sheets in which the pri- c 60 
mary grains have disap- & 
peared, and furthermore 
to those in which raising —_ 
the annealing temperature 
increases only the = grain >? 
size and changes the 
mechanical properties 
‘ 
relatively little. These ; t .-* | : a 
formulas have been veri t? lon — See. T 
- > - 
, ate i J Ds = “De: 
fied only in the range of 6¢ 29 -See b 
5 2 , Y +O Pn titty = - 
1) to 110 Brinell hardness, oO ' te -.-ge Oa 
racy . << OL + 
30 to 43 kg. per sq. mm. e _— accey | t3 
‘ a © T Pm mesic) ogi! o,* om — 
tensile strength (43,000 to S th ac Cie > i 
- , ‘ . on AA witht lon 
62,000 psi.), and 30 to 60' 2 | Bae St 
. - £15 46 BA so e 
elongation. S 60 b—4 5th __2lUF 
© POET VOU 
In the course otf p= 46] <2 Ae? . 
° . Cc 2a ~~ 
another investigation car- wat a 
: . 40 aa 
ried out to determine the 40,000 50 000 60,000 70,000 80, 
. . . 7 ra yO; 
influence of primary struc- Tensi/e S. reng! ) , DSI. 
“> « “* ‘ acre . . " ° ° > et 
ture and mechanical prop Ratio of Tensile Strength to Brinell Hardness (Below) and Red 


thove) in 67:33 Brass Sheet After Reduction by Various 
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ransverse Weakness in Forgings 


sical Properties of Heavy Crankshafts 


DENAIN, FRANCH 
MeETAL PROGRESS 

e forgings offer metallurgical problems 
rtance, and these are intensified in such 
ir shapes as crankshafts. In these it must 
embered not only that the properties in 
sverse direction are affected by the degree 
tion, and that the response to desirable 
itment is diminished by the mass of the 
but that the already delicate problem of 
resistance is complicated by concen- 
stresses at changes of section and their 
ition in a direction transverse to the 
The effect of the last mentioned point 


trated by the following test results: 


« strength of the given steel 100) (basis) 
sue limit in bending 
. th specimen 38 to 55 


Small crankshaft 19 to 26 


tigue limit in torsion 


‘ th specimen 24 to 36 
| crankshaft 15 to 23 


irning now to the more metallurgical 
s of the problem, let us first assume that 
able to get a sound ingot of well-made 


lt would take too long to discuss how 


d steel is achieved, but we prefer acid open- 


wxewat, 74 
ms 
. # 
n> : 


a 





Atavat 17 
1) 
‘ 


. 
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hearth steels to basic One important reason, 
among others, is that a statistical analvsis of a 
large number of acid heats shows the “merit 
index” (tensile strength in kg. per sq. mm. plus 
twice the percentage elongation) to fall on a 
smooth probability. curve of correct” shape, 
whereas equivalent data from basic steel plot 
into a frequency curve lopsided on the lower 
side, and are therefore less consistently reliable 

OQnee having a sound ingot, the next thing 
to consider is the variation in physical prope 
ties found in the completed forging depending 
on whether the test piece is cut in a parallel, 
transverse, or radial direction to the axis. This 
effect is generally not noticeable in the tensil 
strength, but is evident in the ductility (as meas 
ured by elongation and reduction of area in a 
tensile test and by notched bar impact tests) 

The literature on this subject of transverse 
weakness is now abundant. Any comprehen 
sive discussion should commence with the 
dendritic segregation, ghost lines and = other 
heterogeneity in the ingot, but a brief summary 
of the principal facts follows: 

1. A metal possessing good mechanical 


properties before forging retains its superiority 


od 
: 
. 
: 


4 


 ———_€, 


Forging Machine Intended for | psetting Operations on 14-In. Tubing. Twelve men 


can stand in its die box: its weight is about 250 tons. (Courtesy National Machinery Co 
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with regard to steels which were inferior to it 
in the cast condition. 

2. Longitudinal ductility is) superior to 
transverse, no matter whether the reduction 
S : s is light or heavy. 

3. A forged structure has better tensile 
properties than the raw ingot. Therefore the 
longitudinal and transverse ductility both 
increase up to a certain limit (and then become 
stable) as the forging proceeds. Since longi- 
tudinal ductility increases more rapidly; trans- 
verse weakness increases up to a limit. 

1. Exceptions to this rule are found in 
ingots of fine crystalline structure. A more 
general statement is that the ultimate degree of 
transverse weakness depends on the type of 


primary crystallization, 
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Curves A-A’ Enclose Values Found by Voss for 
2-Ton Ingots of Electric Alloy Steel (Ni-Cr and 
Cr-Mo), Excellent Quality, and Also the Values 
Published by Portevin, Pretet and Jolivet. Curve 
B is sketched for three results obtained by Descolas 
on 2-ton ingots of ordinary basic steel, and straight 


line C is between two similar values by Charpy. 





» <As a corollary of 3 and 4, it 


necessary to set a minimum limit for the 
tion of a coarsely dendritic steel in for 
order to be sure to mitigate the irreg 
therefrom. 

6. Transverse weakness is the mors 
able after heavy forging if the original i) 
of inferior quality. 

An attempt has been made to red 
above qualitative statements into a qua 
expression in the attached diagram, whe: 
ordinates are the reduction S -: s, ingot | 


ing, and the transverse weakness. or the rat 


of longitudinal impact strength to transvers: 
impact strength. Limiting curves A and A’ ar 


seen to enclose the values for ingots of excell 
quality, as reported by a number of inves! 
tors. Several values for forgings from 

large acid ingots, determined by the undersigned 


at Anciens Etablissements Cail, also fall wit! 


these limits; others for 30-ton basic ingots 
mediocre quality are located above curve 4 
Curve B for three forgings reported by Descolas 


purposely made of very ordinary quality ste¢ 

also rests far above the limiting curve A’ for 
good ingots. The line D on the diagram is 
intended to note the fact that the transversé 
weakness of forgings made from inferior steel 


will continue to increase as the am 


reduction increases, even far beyond § 
where this ratio ceases to have further influenc 
on the transverse weakness of forging steels 
excellent quality. 

Turning now to heat treatment, att 
directed to the second diagram, which is a some 
what generalized map of the’ varial 
important mechanical properties of those st 
used for large crank axle forgings. Its! 
obvious that a quench followed by a h 
(almost to the transformation § tempe! 
gives very interesting and valuable properties 
namely, a maximum ratio of fatigue 
strength f -:. 7, maximum impact stre! 
fatigue strength f only a little less t! 
after lower draws (vet considerably ! 
exists in the correctly annealed forgu 

However. locomotive crank axles 
of considerable weight and dimensio! 
steels now favored are not as amena! 
treatment as could be desired. Thes 
and low alloy steels (nickel up to - 
mium up to 0.50%, and carbon up 
harden only on the surface layers, 
interior structure retains a network 
usually looked upon with disfavot 
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rroneously attributed to overheating. 

de some experiments to clarify this point, 

vle steels shown in the tabulation, forged 
rounds. 

ter forging all pieces were annealed 3 hr. 

F. and cooled in air (or in ashes for 

S )). At this point none of the steels had a 


k of ferrite; of 
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!. The transition from = sorbite to well 
developed ferrite network in the carbon steel 
occurred in the outer 3 in. of the lorging 


quenched from 1560) F.. in the outer 





















they all possessed % 180 1 in. of the forging quenched from 
= J8C 
of pro-eutectoid & ins 1655° F.. and traces of the ferrite net 
ut this was prin- D760 . sr work appeared at the very surface of 
i em - an @ . 
n separate areas > ; = the one quenched from 1750° 1 In 
\ “— a2. 
e fine granular aa i - _ +9 all these the structure 6 in. deep and 
Ss /4 ——— 0.5 % 
structure. ‘= —— deeper was well-developed ferrite 
S Sw OF * 
Sixteen-inch lengths a network with feathers entering the 
. me) <C a7 3 
ese 12-in. rounds % < sorbite grains, verv suggestive of 
NN S bh -4 O.2 
hen quenched from ® np % Es dS! g overheated metal 
r. at three tempera- Na e iS b' ¢ 'S Hlowever, the difference in 
-— . 10 £ © -\> Go 2 ia ° . 
es, namely, 1560° F ae Ss 1 § > mechanical properties clearly differ 
2 a Cc Q) 
e. and 750° F, “ Vo Cea _ entiates the two varieties of micro 
: 5 . 
- Cc \ 
er quenched, except q | ,) Ps structure. In overheated steels the 
. 60 zo x8 
Steel D in oil), and £ —_ properties are markedly lower than 
, S sn > : 
ces tempered 3 hr. © — 2 in the annealed state. On the other 
) : S 40  - 
200° F. and cooled in Ss vy hand, the network structure in prop 
4 » % 
& "2 erly quenched and tempered steels is 
\fter quenching and 2 90° £0 40 1 Ss associated with improved transverse 
> ~ eed We =.= “— 
ering a variety ot ~ emp. of Reheating, C. ' properties. 


structures were 


The following figures are each 


Characteristic Curves Showing Re- 


ved 
\ homogeneous 
sorbite throughout 
re piece in Steel 
) (Ni-CI Mo). 
2 the same for a surface laver 5 in. thick 
Steel © (Cr-Mo). The central zone contained 
ferrite islands. 
Sorbite showing traces of acicular 
on on the surface layers of Steel B (Ni- 
dat 3 in. below the surface and deeper 
‘fe areas were outlined by interrupted 
of ferrite. Even deeper the structure 


is in the central zones in the carbon 


Steels Whose Structure Was Studied 





STEEL A Street B Street C Steer D 

0.22 0.33 0.26 0.28 

0.31 0.29 0.21 0.16 

est 0.65 0.56 0.54 0.37 
1S 0.026 0.021 0.030 0.034 
0.026 0.013 0.016 0.010 

1.06 2 02 

O50 0.52 1.07 





u 0.49 0.38 


» ‘ ‘ 10 Ss 5 











lation of Physical Properties w ith 
Tempering Temperatures for Heat 


[Treated Specimens of Forged Steels 
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the average for five test pieces from 
the forgings under study; reduction 
of area is quoted because it is, in my 


opinion, the best indication of hetero 


veneity. 
Hear TREATMEN1 Cannon Steen A Ni-Cr Street B 
Red ol Red of 
Quench rempet Impact Area Impact Area 
Annealed, 1560° F. 6.6 73 5.9 19 
1560 KF, 1200 KF. 6.6 7 5.9 Ob 
1655° F. 200° F. 5.5 101 6.7 78 
1750) F. 1200 | 6.6 101 6.0 O6 


It is believed that the ferrite network reflects 
the size of the austenitic grain before cooling. 
Hence the grain size so indicated will be smaller 
in a shallow-hardening steel quenched slightly 
above A. than one badly overheated. (ver- 
heated steel also will possess nore OF less coarse 
pearlite if slowly cooled. 

Engineering alloy steels with carbon less 
than O.35' will, when properly annealed, 
normally possess a fine granular microstructure. 
This results from the decomposition of each 
austenite grain into several ferrite and pearlite 


masses, thus obscuring the grain size of the 


GEORGES DELBARI 


Chief Metallurgic 
Anciens Etablissements Cail 


parent austenite. 


| Engineer 























Incipient Fracture 








Revealed by X-Rays 


By H. J. Gough 


fbstract from Paper 34 


International Association for 





ragviik RESEARCH whose results are sum 

marized arose directly from an extensive 

study of the deformation and fracture of 
metallic aggregates and representative tvpes ol 
single metallic crystals subjected) to) many 
diverse stressing systems. The method adopted 
in the previous work was the careful study of 
surface markings which, examined with the 
metallurgical microscope, were correlated with 
the applied stress system and the crystalline 
structure as determined by the ordinary meth- 
ods of X-ray analysis. It was concluded that the 
initial submicroscopic crack which eventually 
led to failure was a direct consequence of slip 
on the substructure. In some manner, the struc- 
ture became broken up into portions whose 
orientation differed appreciably from = that of 
the initial structure. It appeared that severe 
local internal strains were somehow induced of 
suflicient magnitude to overcome the cohesive 
forces and lead to crack formation. To pursue 
the matter further in its essentials it was decided 
to emplov precise X-ray diffraction methods 
with monochromatic rays in a systematic study 
of the changes produced in the crystalline struc- 
ture by plastic deformation and fracture under 
various stressing actions and at various stages 
of these actions. 

The material examined was a normalized 
mild steel. Keach specimen was NX raved before 
and after test; in many cases, several inter 
mediate examinations were made. Five stress 
systems were emploved: (1) Tension, (2) tor 
sion, (3) alternating tension and compression, 
(1) repeated tension, (5) alternating torsion. 

Whatever type of stressing was applied 
torsion, tension, compression and independ- 
ently of the nature, whether static or evelic, the 
effect on the crystalline structure is one of 
destruction of the crystals, leading to the mate- 
rial being always in one or more of three 
conditions: (a) Perfect grain, giving a sharp 
\-rayv reflection, having the same orientation 
throughout and a grain size of approximately 
10° em. (0.0041 in.). This is the original condi- 
tion of the steel. (b) Dislocated grain, giving a 
reflection which is elongated along the ring, 


consisting of fragments oriented to each other 
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at angles not exceeding 2. ¢ 
these are very small crystal fragments 
reflections in the form of a sharp line ext 
further round the ring than that due t 
located grain. The grain size of these 
lites is of the order of 10¢% em. to 10 
(00004 to O.0O0004 in.): thev have « 
random orientation, In an X-ray photog: 
“tail” attached to a strong reflection f) 
dislocated grain indicates that some 
oriented crystallites form simultaneous! 
a perfect grain is dislocated, probably 
boundaries of the dislocated grains. 

Within the elastic range these studies 
cate no change in structure, from the 
grains, if the stressing is “static.” Betwe 
elastic limit and the vield point a few pe 
grains break up, forming a small propor! 
dislocated grains and crystallites. After 
the vield point every perfect grain is brok: 
into dislocated grains and a large numb» 
though a very small volume) of crys! 
Under increasing stress, the process of d 
tion proceeds with the production of a 
proportion of crystallites. At fracture 
consists entirely of crystallites oriented 
dom. At this stage the diffraction ri 
\-ray photograph broadens, which = p 
indicates strain distortion of the atom 
fracture probably occurs when this dis 
reaches a limiting value. 

A different sequence of events oc¢ 
fatigue stressing. Two factors ar 
importance, the maximum stress of 
and the range of stress. At the firs? ap 
of the maximum stress, some = dan 
break-up, is caused to the structure; this 
may vary from zero to any value of ce 
according to the extent by which the 
stress exceeds the vield point. 1! 
damage may be confined to the first 
may be spread over a number of ¢) 
depends on the cyclic frequency, € 
effect of high cyclic speeds on the s 
or delay of plastic movement. In ¢ 
the safe range or fatigue limit is the 
range which will cause no further 
break-up; once the (Continued o! 














IF your carburizing requirements call for 


exceptional wear resistance plus good 
core properties—you can save money by 
standardizing on Chrome-Molybdenum 
carburizing steel. 

This new carburizing steel has been 
developed as an answer to insistent 
demands for greater production economy 
in the face of rising costs. 

lt carburizes under ordinary shop condi- 


hons with minimum, uniform distortion. It 


takes a very hard, wear-resistant case. 
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It develops good core properties. It anneals 
to quick machining hardness. And—it costs 


less than any other existing successful alloy 





carburizing steel. 





Chrome-Moly has already solved some 
difficult problems. It is being used for a 
wide variety of applications. It will pay 
to investigate it fully—as an effective 
means of cutting your carburizing costs. 
We will gladly furnish complete details. 
Climax Molybdenum Company, 500 Fifth 
Avenue, New York City. 


-um Company 
en! 














Personals 


A. Allan Bates @,. professor of 
metallurgy at Case School ot 
Applied Science, Cleveland, has 
been made manager of the chem 
ical and metallurgical division of 
Westinghouse 
tories, East Pittsburgh 


Research Labora 


R. P. Donnell @ has resigned 
from Aviation Mig Corp to 
become chiet metallurgist at 


White Motors La. 5 leveland 


Charles H. Jennings ©, engineer 
in charge of welding research for 
the Westinghouse Electric & Mtg 
Co., has taken a 
leave of absence to act as con 
sulting welding engineer for the 
English Electric Co. in England 


Peter A. Vukmanic ©, graduat 
student at Carnegie Institute of 
awarded 
Memorial 


in Metal 


Technology, has been 


the Robert 


Fellowship 


Tillman 
Graduate 


lurgy 








GIVE YOUR FOREMAN 
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AMERI Cyc att Oct. 19,1926 


SULPHUR)» 


LARGEST SELLING 
ED cuTTingG OIL 


WATCH YOUR 
jole) i ede}smciezye) |.) 


Order Trial Drum Today 
D.A.STUART OIL CO. Ltd. 


| fie Ucieen awe 
Established /865 
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three-months’ 





Ralph kK. Clifford & 
general superintendent 
appointed works manag 
branch of ¢ 

Julian L. Set : 


Kokomo 

Steel Corp 
formerly superintend 
Steel and Wire Divisio: 


named general superint 


Kf 


Carl H. Samans @ ha 
his position in the Met 
Department of the R 
Institute 
assistant professor of 
in the School of Minera 
tries of Penn. State Coll 


Polytechnic 


Harry P. Coats @ ot 
stone Steel Products ¢ \ 
Ohio, has been awarded 
medal of the American | 
platers’ Society for the be 
on electrodeposition dut 


Johnston Kingsley & 
employed in the Crese« 
tory of the Crucible St 
America, Pittsburgh 


John E. Shoemaker & 
the Youngstown Sheet & 
to become metallurgist 


Bundy Tubing Co., Det: 


Russell Bernt © : 


.% 


emploved as a metallurg 
Engineering Laborator 


Frigidaire Division 
Motors Corp . Detroit 


N. U. Stryker ©. | 
Illinois Tool Works, | 
the Claud S. Gordon ¢ 





F. W. Johnston & 
graduate assistant int 
ical Engineering D 
Oregon State Colleg 


emploved in the Test 
tory of American Gas 
Cleveland 


Ralph Schaper & 
Steel Casting Co. to! l, 
of the Inspection ID 
Smith Steel Foundry | 


waukee. 


Charles A. Conlin & 


with Latrobe Found! 
Co., has accepted l 
plant superintend 
Brighton Electric 5 


Co.. Beaver Falls, ! 


E. E. Samson & 


ant to the manag 
the Electric 
ton, D. ¢ 


Instit 
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COMBINATION 
CLUTCH & BRAKE 


GIVING SUPER 


NDEXING PLATES 
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HARDENED CAM 
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STOKER 
LINK 
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FREE MACHINING 
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COKE PRICKER RINGS rs] 
FLAME HARDENED 7 
SS 
CoG 
simi 
aetna S SCALE LEVER ASH PUMP snane bet 


‘NITE IS PARTICULARLY ADAPTED TO SMALL AND MEDIUM WEIGHT CASTINGS WHERE ACCURATE DIMEN. 
AND CORING MUST BE OBTAINED, AND WHERE A CLOSE-GRAINED UNIFORM METAL IS NECESSARY. 


nery C Rochester, N. Y 

St. Louis, Mo 

x S . Bethayres, Pa 
sl rporated Cincinnati, Ohio 
Machine C Cincinnati, Ohio 


Mt. Vernon, Ohio 
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Peoria, I]! 
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Ansonia, Conn 
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Personals 


James R. Long ©, formerly 
instructor of metallurgy at Penn 
State 


proltessol ol 


svivania College, is) now 


assistant chemistry 


and metallurgy at the U.S. Naval 
Academy, Post-Graduate School 
H. E. Hostetter @ has resigned 


assistant with the 
Mill Co. to 


> ! 
metallur 


its research 
American Rolling 
accepl the position ol 


vical engineer with the Research 
Laboratory, Climax Molybdenum 


Co. of Michigan, Detroit 


Edgar H. Howells @ has been 
made research 
Development & Research Depart 


ment of Bethlehem Steel Co 


G. W. 


transterred to the 


Stickley So has been 
Aluminum 
Research Laboratories, New Ken 


sington, Pa 


Robert M. Phillips &,. formerly 
School ol 
jorned the 


instructor at Case 


Applied Science, has 
metallurgical department, Alumi 
num Co. of America, at Massena, 


a 


{hours of Chapmanizing 


on SAE 1315 Steel 


Le. PROVES ITS CASE 
TO THE PRODUCTION COMMITTEE 


Time and again, this exclusive process 


of surtace-hardening steels has enabled 
designers and production men to change 
specifications improve product, cut 
material costsand overhead forhardening 


and machining 


For Chapmanizing only takes from 1 to 4 
hours to impart a case from .002 | to .035 
deep. A tough yet ductile case that gives 
free-machining steel the wearability of 
costly nitrided alloys . gives it 9 lives 
to | for carburizing 


Then you can bend, straighten, slide or 


Jae CHAPMAN VALVE 


COMPANY 


MANUFACTURING 


INDIAN ORCHARD, 





MASSACHUSETTS 


abrade a Chapmanized part—but it won't 


crack, flake, warp, distort. And it resists 
corrosion. Parts come from the stabilized 
bath silvery-clean, free from soft spots. 


Find out what Chapmanizing can do for 
you. Write for new illustrated book. 


Chapmanizer 
Unit, installed on 
contract basis.It's 
all you need — use 
it with your 
present heat 
treating equip 
ment. 
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engineer in the 





Henry E. Sanson © | 


made sales manager, 


I. Hought { 





Division, of E 






Robert L. Wagner & 
emploved by W. R. Gra 


as assistant to the foreis 








manager of Traylor Eng 
& Mig. Co 







Otto W. 
appointed 


Winter @ h 
factory) manag 
McKinnon ( 
of Tonawanda, N. \ 







the Columbus 





( orp 






E. L. 
research engineer, Westi 
Electric & Mig Co., 
emploved in the Meta 


Robinson ©, 










Department,  Furrel-M 
Works ot 






Carnegie-Illin 






Edward G. Jennings & 
metallurgist for the Ca 
Ltd., Montre 











Bronze Co.., 








H. Wilbur Paret, Jr. & 
been made sales engines 
Pittsburgh district, The Selas ( 

















G. A. Reifsnyder @ has 
the position of metallurgix 

neer of the Rotary Elect S 
Co., Detroit 









J. R. Hall @ is now ¢ 
as an engineer by the Crib! A 
Sexton Co. of ¢ hicago 









R. J. Perry S. form 
hardener for Nordberg Mis 
Milwaukee, Is now emp 


Bovd \\ 










service man with 






Co., Chicago 










Ed W. Smith, former! 
Pittsburgh Steel Co., | 
the Bethlehem Steel ¢ 
Sales Division. 








Edwin C. Yaw & 
graduate assistant, Uni 
Rochester, is now wil 


Engineering Corp., Ric! 


Lewis Gelbert @ has 
Steel Co. to becom 
at U.S. Metals Refining 
teret, N. J 

A. R. Kommel & 
research assistant, Cat 
tute of 
research laboratory, | 


Technology, 


neering and Foundry ¢ 
grift, Pa 
George IL Calvert S 
metallurgist for Carn 
Steel Corp., Is now 
for The Texas Steel 





PLATED WIT 





DUPONT BRIGHT ZINC 





wanted corrosion-resistant 





face at low cost 








RADIO PARTS BUILDERS’ HARDWARE 


plating process. It saves on 


duction costs. It provides 


@ These are typical of the stamp 
ings and steel articles now being 
plated with Du Pont Bright Zinc, 
the most economical alkaline zinc 


pro 


the 


sul 


The new brightener recently 


developed for use with Du Pont 





AUTOMOTIVE PARTS CONDUIT FITTINGS 


ment or any major change 


information. 





TIRE CHAIN YOUR PRODUCT 


The R. & H. Chemicals Department 
E. I. DU PONT DE NEMOURS & COMPANY, INC. 


Wilmington, Delaware 
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posits from barrel solutions, 


ing increased throwing power 


district office will bring you fu 


les Offices: Baltimore, Boston, Charlotte, Chicago, Cleveland, Kansas City, 
Newark, New York, Philadelphia, Pittsburgh, San Francisco 


3right Zinc is the ideal addition 
agent, produces extra-bright de 


as 


well as from still solutions requir 


af 
< 


low current densities. Only small 
additions are required, making it 
very economical. The entire pro 
cess can be used in usual plating 


equipment without new equip 


iT? 
il 


ordinary practice. Commercial 


platers have found that it is easy 


to operate and by far one of the 
STAMPINGS easiest solutions to control 
AND STEEL 
ARTICLES A call or letter to our nearest 


1! 
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AGAIN WELDED STEEL 
WINS DESTRUCTION TEST 


Supported at both ends and loaded at the center, 
the cast steel design shown at the top failed at 
61,760 Ibs. Under the same set-up, the welded 
steel design shown at the bottom withstood a 
loading up tO 105,000 lbs. The weight and cost 


of each was practically the same. 


This test was made by the Athey Truss Wheel 
Co., Chicago, to prove the superiority of their new 
welded rocker beam for “Forged -Trak” wheels. 


The welded design employs 5/16” pressed steel 
stampings as the main members. Hubs are cast 
steel. The part is welded in a positioning jig so 
that all welding is downhand. Two passes of 1/4’’ 
“Fleetweld 7” are used. The total welding time is 
3 hours. A new “Shield-Arc SAE” welder contrib- 
utes to the speed and quality of the welding. 


“ 4 
You too can improve your product by using welded 
steel fabrication. It is simple, for you can change one 


part al 


construction 


time to this stronger, lighter and cheaper 


Mail the coupon for further particulars. 
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Incipient Fracture 







(tcont. from page 276) initial stage is con 





no change is caused by any number of « 






a safe range of stress. 






If the applied range of stress exce 





safe range, progressive deteriorati: 






break-up into crystallites sets in, lead 






fracture exactly as in a static test to dest) 






the greater the range of stress, the great 


total 


destroved and the fewer the number of 





number of perfect grains con 











required to produce complete fracture, | 


same destroved structure is reached 


immediate neighborhood of the crack. 
Thus these experiments afford a plivs 

explanation of the form of the familiar S-N 

fatigue curve and of the fatigue process 

addition, they show clearly that the fra 

static and fatigue = stress 


metals under 


accompanied by exactly the same cha 
structure; the only difference is that stati 
affects all the 


may 


rapidly vrains, whereas 


stress cause less uniform destruct 


concentrating on a proportion of the gra 
proportion increasing with the range of st! 
The appearance of dislocation in 
now experimentally established, unde: 
less than those theoretically required to | 
deformation is not inconsistent with the 
theories of slip mechanism propounded | 
lor, Orowan and Polanyi, and offers so! 
rect evidence of an inherent system of 
metallic crystals. It may be fairly claim: 
the common condition at fracture, irres 
of the tvpe of applied stress, represents 
simplification of our views al 
Further, the 


nite 


mechanism of fracture. 


size of the crystallites formed from t! 
at fracture raises a point of great interes 
X-ray work on metals deformed by 

it has been suggested that the limit co! 
to an equilibrium between fragmen 

to recrystalli 
Further, 


appear from the present work that the 


the inherent tendency 


from thermal agitations. 
of the dislocated grain in the mediun 
perfect grains represents a potential! 
ing to initiation of the submicroscopl 
the first stage in fracture; the incre 
formation of dislocated grains obse! 
the cyclic stress range is increased e! 
probability of an effective crack, the 
being essentially a probability curve 


LB! ) 











MODERN THOUSAND-LEAGUE BOOTS 


lf a man had magic boots capable of covering 1000 leagues afta 


stride. it would still take him many weeks each year to see the most 
important developments in the metal industry. In five days at the 


National Metal Show he can see them all—and that’s no fairy story ! 








By spending five days at Atlantic City in 


October you will see displays of more than 


AAc 


5 





eading industrial organizations 
actual operating exhibits of newest devel 
opments in plant and research equipment 


the 


packed with ideas in metal research, pro- 


every aisle in huge auditorium 


duction and equipment every exhibit 


manned by metal experts welcoming ques- 


tions about their products 


For 


complete program, ad 
dress American Society for get that every step 
Metals, 7016 Euclid Ave 


eveland. Qhio 


thousand-league 


New Jersey 












Sponsored by 
THE AMERICAN SOCIETY for METALS 


ATLANTIC CITY 4 
OCTOBER (18° % 22 


A 
MERICAN INSTITUTE of MINING & METALLURGICAL ENGINEERS 
THE WIRE ASSOCIATION 










COOPERATING SOCIETIES 


Make your preparations for National Metal Show now 


man, Chairman, Committee 


ah (om 


In addition, you can hear any of the more 
than 145 authoritative technical papers to 
be presented at the Congress sessions of the 
five great technical societies co-operating 
Prepared by outstanding 
these papers background the 


in the Congress 
authorities 
practical production lessons of the Exposi 
tion with the up-to-date technical informa 
today s metal 


tion so vital to success in 


industry 


jon t tor 


you take aft the Show wil! be like walking in 
boots For hotel reservation write Wm B Cole 
» Hotels. 16 entral Pier Atlantic ¢ ty 


October 18-22 





AMERICAN WELDING SOCIETY 






ATLANTIC CITY AUDITORIUM 


AMERICAN SOCIETY of MECHANICAL ENGINEERS 



























200,000 lb. Southwark- 
Emery Universal Testing 
Machine as used by 
Highway Department, 
State of Texas 




















Highway Departments, too 


... equip with Southwark-Emery Universal 
Testing Machines. 90° of the states in 
which bureaus for testing highway struc- 
tural materials have been established pur- 
chased Southwark-Emery machines ... 
use them not only for testing strength of 
concrete specimens, but also reinforcing 
rods, safety fences, wire, culverts, bridge 
members and other materials. Of more 
than usual interest also, are the tests 
conducted by some highway departments 
in which the effects of impact, speeds, 
surface conditions, etc., are gauged in 
terms of tire life. 


Southwark-Emery Universal Testing 
Machines are versatile . built in capac- 
ities to 10 million pounds .. . for specimens 
and full-size structures of any description. 


Ask for new Bulletin 131. 


BALDWIN-SOUTHWARK CORPORATION 


SOUTHWARK DIVISION, PHILADELPHIA 


Pacif t Representative. THE PELTON WATER WHEEL 





TESTING MACHINES . STRESS-STRAIN RECORDERS and CONTROLLERS 
EXTENSOMETERS, STRAIN GAGES e VIBROGRAPHS e TORSIOGRAPHS 
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Advanees in 
Aluminum Alloys 


in England 





By 8S. L. Archbutt and A. G. C, Gwver 





fbstract from Papers 55 and 56, Interna 






{ssociation for Testing Vaterials. London. 










HEREAS 12 vears ago it could be sai 


duralumin was the only wrought 






num alloy on a commercial basis 






production in England, today a wide c! 





available. This progress has followed the app! 






cation of results of research into the mec! R 






of the spontaneous hardening after qui 





(age hardening), into grain refinement a 






rosion, and particularly into the solubilit 






constituents in the solid alloys, on whic! 






ening after quenching has been found to dep: 







Several wrought alloys with useful pr 








ties and moderate strength may be ment 
Those containing magnesium (5 to 10 
or without a small amount of manganese. 


sess good ductility with remarkable res 






to atmospheric and marine corrosion. A 






with silicon (8 to 12°.) are highly ductil 






A very useful alloy has small am 





magnesium and silicon in proportions ob! 





in the compound Mg.Si. In the hot-w 





annealed condition it can readily be forn 





various shapes and afterward hard 





simple heat treatment to give a tensile 





; 


of 52.500 psi. with 9°, elongation in 2 1 






to its excellent electrical conductiy 






approximately of that of aluminum), | 








and strength, it has proved valuable 
head electrical transmission lines. 

Another medium strength alloy 
to O°. copper and small amounts of s 
manganese. In this aluminum alloy 
ble solubility of the compound CuAl! 
use of to obtain hardening by heat 
after quenching In sheet form 
strength of 57,000 psi. with 15‘. elor 
2 in. is obtained. 

Even stronger alloys have been 
By slightly altering the proportions 
stituents of duralumin, it may be hare 
further (by suitable heat treatme! 
spontaneous hardening which norma 
quenching) to a tensile strength ove! 


with 10°; elongation in 2 in, (Gon 
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® yipMENT and 
on acksO™ Og eM ey: DUTY FURNACES 


‘eB. j Thy 


AMERICAN BRASS 


HEVI DUTY 
FURNACES 


CHAIN BELT COM 
ms 





HEVI DUTY FURS 





x *«§ * 


Many nationally known man- 
ufacturers have included Hevi 
Duty Electric Furnaces in their 
heat treating equipment. They 
know from experience that these 
furnaces are built of high grade 
materials and carefully engji- 
neered to assure consistently 
uniform results. There is a Hevi 
Duty type and size for your par- 
ticular heat treating operations. 
Write for descriptive bulletins. 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HEE-VISBUELY ELECTRIC EXCLUSIVELY 


MILWAUKEE, WISCONSIN 





September 4 


1937: 


HEVI Dury FURNACES 
RIGS jn ts 

















You Can Expect ACCURACY and 
SPEED from this PYROMETER! 


Park 


TAG CELECTRAY Recording Pyrometers are 
accurate not only because they are exactly calibrated 
as electrical instruments, but because the TAG 
Method of photoelectrically balancing a potenti- 
ometer or Wheatstone bridge is precise. Recording 
is accurately repeated even in a recently an- 
nounced High Speed Recorder which will handle 
as many as twelve records in a little over one 
minute... . balancing error a few hundredths of 
one percent. 


Shown in the circle above, is the mounting of 
the recording styli and slide-wire contact as a 
single unit—an essential feature which con- 
tributes to the maintenance of recording accuracy 


TAG CELECTRAY Recording Pyrometers have 
other exclusive features which assist their notable 
performance . for instance, Adjustable Chart 
Speed which can be changed in a few seconds 
with a screw-driver to either 1, 2, 3, 4 or 6 inches 
per hour 

And, again, different from 
other instruments, the CELECT- 
RAY Single Point Recorder and 
Recorder-Controller have a pen 
moulded of a transparent, un- 
breakable material designed for 
ease of filling and steady flow 

It draws a line a mile long 


Ask us to tell you about the complete 
line of TAG CELECTRAY Pyrometers 
They are available for models for In- 
dicating and Controlling as well as 
Recording The TAG Catalog No 
1101-76 which describes them fully is 
ready for you ask for your FREE 
copy today 


& Nostrand Ave’s.. Brookiva. 
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Aluminum 


Alloys 


(Starts on page 286 
Still higher strength follows spont 
hardening after heat treatment of an all 


) 


alloy containing 2.5‘. copper and 20 


which small amounts of magnesium and mang 
nese were added. A tensile strength up to 90,00 
psi. with 10° elongation in 2 in. was ol 
from rolled rod. This alloy, unprotected 
very sensitive to corrosion and approximat 
10’, heavier than duralumin. Though success 
fully produced in sheet form on a commercial 
scale in a Government airship works during 
War, it has not been taken up by indus! 

lor strength at high temperatures for pi 
poses such as forged pistons and cylinder heads 
of aircraft engines, an alloy containing 
per, 2°. nickel, 1.5', magnesium, develope: 
during the War, has proved very satisfactory 
At room temperature the alloy gives 58,000 | 
62.500 psi. tensile strength with 18 to 25 
elongation in a forged bar, spontaneously hard 
ened after quenching. About half this str 
is obtained in a short time tensile test at 650° | 
compared with one-third for duralumin 
altering the proportions of the constituents a 
adding a small amount of titanium (w 
refines the grain in cast aluminum alloys 
another valuable series of alloys has been p! 
duced with similar mechanical proy 
together with a high proof stress. 

There are demands for alloys with 
ratio of strength to weight at atmosplh 
perature, and = greater strength at « 
temperatures, the latter by reason of 
tinual rise in operating temperature ol 
combustion engines for high speed au 

Recent progress in cast aluminum 
Great Britain, as is the case elsewher 
looked at from two points of view 
duction of new or improved alloys 
tional or increased uses of either esta! 
new allovs. Among the new aircrail 
tions are allovs in which = ceriun 
titanium as the grain-refining agent 
alloy of similar type contains chrom 

A new specification covers “Ae! 
treated alloy containing cadmium, 
improve corrosion resistance by Its 
action; the alloy also has outstanding 
bility. A heat treated aluminum-co 
containing magnesium is also covere: 
specification, (Continued ot 
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The PROOE of a Hearth 
1s in the USING 





Prcrnncionl Here’s what typical 


aS ri ae : “CARBOFRAX” 






Wservs Sa). se 


These extracts from letters of users will 
give you an idea of what **Carbofrax’ 


can do in your own furnace 


® \\ uuld sav a lot about the savings that can be made 


*Carhofrax’ hearth in annealing fur- 


nace has given fuel saving 


using *““Carbofrax”” hearths in vour heat treating 





. . ° *( arbotrax } nh ha 
. savings made possible by the high heat con- 
mi 
. *- . . : . cull te reduct i ease 
v of “Carbofrax”™, by its high refractoriness, by Pan aang epi Se ere - 
tance to abrasion. But nothing is so convincing Carbofrax” hearth is giving six 
. » > . witle orn tv heartl i i J i 
perience of actual users. Read at the right what seni, Wid lidalalns Min aiteh ieee i st 
"” sla i | ‘ 


them have to sav. 
Our nearest representative can Give you 


further examples of such saving 








THE CARBORUNDUM COMPANY, REFRACTORY DIVISION, PERTH AMBOY,N. J. 


ee 
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to this 
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Instrument Slide Rule 

An ingenious slide-rule indicator 
devised by Westinghouse Electric & 
Mig. Co. selects the proper instru 
ments for any application, whether 
central stations, industrial plants or 
transportation industry. It shows at 
a glance what instruments to use, 
their range, approximate price. size, 
and descriptive literature available. 
Bulletin Ia-134. 


Chromel 


A new catalog has been issued 
by Hoskins Mig. Co. covering Hos 
kins electric furnaces and Chromel 
elements, which provide uniform 
heat and automatic temperature con 
trol with excellent production and 
quality of work. Bulletin Ia-24. 


Tempering 

Vertical batch type tempering fur 
naces are described in a folder by 
Industrial Heating Equipment Co. 
Capacity and production figures and 
a diagram of the furnace are in- 
cluded along with a complete de- 
scription. Bulletin Ia-168. 


Pipe Lines 

Latest information on the construc 
tion of pipe lines by electric weld 
ing for transportation of oil, gas and 
water is contained in a bulletin by 
Lincoln Electric Co. Fourteen pages, 
profusely illustrated. Bulletin Ia-10. 


Seamless Tube 


Excellent illustrations are com 
bined with clearly written text to 
portray the wide variety of seam. 
less flexible metal tubing made by 
American Metal Hose Branch of the 
American Brass Co. Bulletin Ga-89. 


Instrument Information 

C. J. Tagliabue Mig. Co. has a 
56-page book on indicating and re- 
cording temperature and pressure 
instruments which is more than a 
regular listing catalog, for it pre- 
sents information in a clear, under- 
standable way on the latest Tag 
developments, many of which have 
never before been published. Bul 
letin Ia-62. 


Monel for Screens 
Convincing and interesting is a 
handsomely printed and illustrated 
bulletin by International Nickel! Co. 
covering the properties and applica 
tions of monel metal in wire screen 
and filter cloth. Bulletin Ia-45. 


Scale-Free Hardening 


General Electric scale-free harden. 
ing furnaces for either large or small 
volume of production, ferrous or non. 
ferrous applications, box or con- 
tinuous type, are accurate and auto- 
matic. Described in Bulletin Ia-60. 


Explosion Protection 

A gas burner safety device de 
signed to prevent explosion made 
by Wheelco Instruments Co. is 
known as the Flame-otrol. Mlustra 
tions, data, operating diagrams and 
prices are fully covered in Bulletin 
Ia-110. 


Cement 

“Hytempite” is a high temperature 
cement for laying up firebrick with 
thin, long-lasting, air and gas tight 
joints of great strength, made by 
Quigley Co. How it saves time and 
labor and cuts construction and 
maintenance costs is told in Bulletin 
Ia-139. 


Contour Sawing 


A complete handbook covers this 
interesting machine operation using 
narrow band saws and files. Con 
tour sawing technique and its myr 
iad applications are described. Con- 
tinental Machine Specialties Co. Bul 
letin Ia-170. 


CO. Meter 


Attractive and complete is Brown 
Instrument Co.'s catalog which cov- 
ers the full line of Brown indicat- 
ing and recording CO. meters as 
well as the combined CO. and flue 
gas temperature recorders. Bulletin 
Ia-3. 


Laboratory Furnaces 

Specifications, description and 
uses of a muffle furnace with trans- 
former and rheostat and a multiple 
unit furnace with controlling py 
rometer for laboratory or light tool 
room work are given by Hevi Duty 
Electric Co. Bulletin Ia-44. 


Electrical Sheet 

Published with the title “USS 
Electrical Steel Sheets,’ a new book. 
let embodying the latest factual in 
formation on this specialty product 
has been released by the Carnegie 
Illinois Steel Corp. Bulletin Ia-79. 


Furnace Parts 

A valuable feature of Driver-Har- 
ris Co.'s folder on Nichrome cast 
furnace parts is a table giving the 
tensile strength of Nichrome cast- 
ings at various temperatures. Bul 
letin Da-19. 


Pickling 

All current pickling procedures 
and practices were carefully studied, 
analyzed, summed up and compared 
in the preparation of a 32-page 
handbook on pickling steel with 
modern inhibitors by E. F. Hough- 
ton & Co. A frank, instructive 
manual. Bulletin Ia-38. 


High Frequency 

The well-known Ajax-Northrup 
electric furnaces are excellently 
catalogued in a 22-page book, which 
covers all sizes and types for lab- 
oratory or shop. Includes illustra- 
tions, diagrams, tables and charts. 


Ajax Electrothermic Co. Bulletin 
Ia-41. 
Pyromaster 


Bristol Co.'s ““Pyromaster” is a re 
cording potentiometer with a round 
chart and direct ink marking. Its 
applications as a pyrometer, resist- 
ance thermometer, tachometer and 
millivoltmeter are given in Bulletin 
Ia-87. 





Kanthal Alloys 


S.K.F. Steels, Inc., offer a descrip- 
tive booklet on Kanthal alloys. Cer- 
tain of these alloys may be used as 
resistance elements; others are for 
furnace parts or other heat resist- 
ing applications. Full details are 
given in Bulletin Je-78. 


Tool Steel Selector 

A wall chart, 30x20 in., to be 
used as a means for selecting the 
proper type of tool steel is offered 
by Carpenter Steel Co. to tool steel 
users in the U.S.A. only. Bulletin 
Jz-12. 


Rustproofed Steel 
Atmosphere does not corrode steel 
which has been rustproofed with 
Duozinc, a mercury-containing zinc 
anode with marked production prop. 
erties. Full details are given in a 
folder issued by the R. & H. Chemi- 
cals Dept. of duPont. Bulletin Ar-29. 


Locomotive Steels 

A comprehensive review covers 
specific applications, based on cur- 
rent practice, of various types of 
vanadium steels for locomotive and 
car construction. It contains 72 
pages and is available to railway 
executives and engineers. Published 
by Vanadium Corp. of America. 
Bulletin Dy-27. 


Cutting Oils 


The problems of machine tool lu- 
brication engendered by the high 
speed production and close toler. 
ances of modern industrial opera- 
tions are discussed and progress in 
cutting oils during the past few 
years reviewed in a booklet by D. 
A. Stuart & Co. Bulletin Jy-118. 


Heat Resisting Alloys 
Authoritative information on alloy 
castings, especially the chromium. 
nickel and straight chromium alloys 
manufactured by General Alloys Co. 
to resist corrosion and high tempera- 
tures, is contained in Bulletin D-17. 


Centrifugal Castings 

Centrifugal casting of stainless. 
heat and corrosion resisting alloys 
eliminates impurities and cooling 
strains and permits thinner and 
more uniform walls than any other 
method. This is explained in a 
bulletin by Michigan Steel Casting 
Co. Bulletin Nx-84. 


Air Weight Control 


An illustrated booklet of sure-fire 
interest to the foundry trade has 
been issued by The Foxboro Co., 
explaining in detail the advantages 
of the “air weight controller” which 
is in use at many of America’s 
leading foundries, named in the pub- 
lication. Bulletin Ea-21. 


Automotive Furnaces 
Nowhere does heat treating play 
a more essential part than in the 
construction of the motor car. Gas- 
fired heat treating furnaces designed 
especially for use by the automotive 
industries are illustrated and de- 
scribed in a booklet by Surface Com. 
bustion Corp. Bulletin Ia-51. 





Corrugated Ingots 
The Gathmann Engineering ¢; 
has published a new booklet -n!, 
“Gathmann Ingot Molds — Thei, >... 
pose and Design.” |; jj ustrates = 
rious corrugated ingot contours 4. 
signed to produce defect-tree curie 
in steel ingots. Bulletin Ay); 7 


Compressor Data 
General information on the = 
plication of blowers to gas and » 
burners, and miscellaneous applic: 
tions for other types of work 
included in a 12-page “Turbo.Co- 
pressor Data Book Usetul tables 
and charts are included Spence: 
Turbine Co. Bulletin Dy-70 


Camera-Microscope 

A highly efficient and up-tod 
apparatus that is an ingenious con 
bination of several instruments in: 
one universal camera-microscope 
described by Pfaltz & Bauer, Inc 
a handsomely printed booklet co: 
taining some intriguing photomicr: 
graphs. Bulletin Oy-142 


Abrasive Cleaning 

Comprehensive information on a 
less abrasive metal cleaning is co: 
tained in a new book on th 
“Wheelabrator” Tum-Blast, « po 
ented mechanical device made + 
the American Foundry Equipm 
Co. Bulletin Fa-112 


Neophot 

“Neophot” is the name of c ne* 
metallograph of radically new 
sign and universal adaptability 
pamphlet distributed by Car! Zeiss 
Inc., gives its applications and ‘ec 
tures and is well illustrated wi 
beautiful samples of micrograp: 
work. Bulletin Jx-28 


Insulating Brick 
Drawings of 12 modern types ° 
industrial furnaces for which (ons 
Manville’s new JM-20 insuic's9 
brick has been developed are 
tained in a folder which also 


. 


- 2 


a useful table giving heat ‘osse 
transmitted through bare and i 
sulated firebrick walls.  5v 
Ia-100. 

Spectrographs 


A new catalog has been p 
which gives complete detais 
Bausch & Lomb line of spectrogrop™ 
and accessories. from small u s 
the large Littrow spectrogr7pas ** 
“matched” accessories, to «ST = 
most exacting needs. Bulletix Ay 


Rockweil Tester 


i om oO} ly up 
A revised and complete 


ae 


date catalog on the wellkmor 
Rockwell hardness tesie® . 
illustrated and nigins Nd 
Published by Wilson Mech” 

Bullein C22 


Instrument Co. 


Grinding Carbides 


A complete and detailec a 
on this important! problem 5% ©. 
issued by the Carborunds” 
Special wheels dé WS "A 
various comme" © te 
bides are give aioe wes? 


pointers are in 
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Some of the Best Chinking 


in the metal industries is at your disposal 
in the literature described here. One book- 
let may hold the key to your current prob- 
lem. Help yourself to this helpful litera- 


ture. 


It's free. You incur no obligation 


when you return the coupon. 








Water Supply 


sturdy construc- 


Modern design, 

son. compact size, and light weight 
sre stressed as features of the water 
systems and pumps built by Roots. 


~senersville Blower Corp. Described 
» Bulletin Ga-131. 


Radiation Tube 


The Pyrometer Instrument Co. has 

> super-sensitive radiation tube for 
sigh temperature readings where 
hermocouples are unreliable or too 
expensive. This rapid recorder is 
described in Bulletin Fa-37. 


Silver Solder 

The results of both laboratory and 
actual production data are contained 
s a@ booklet by Handy & Harman 
which includes detailed instructions 
ond two pages of hints on the sub- 
ect of soldering and brazing with 
silver alloys. Bulletin Ay-126. 


Flowmeters 

Flowmeters patented by American 
Ses Furnace Co. measure the en- 
te flow of air or gas, thus per- 
nitting exact control of gas burn. 
og operations and carburizing. The 
orinciple, installation and uses are 
described in Bulletin Ha-11. 


Hy-Speed Case 

50 to 500 increase in the life 
nigh speed steel tools is claimed 
2 a striking and interesting new 
coklet just published by the A. F. 
olden Co. Typical cases of these 
avings are cited. Bulletin Fa-55. 


Testing Equipment 
Fully illustrated, complete with 
arts, curves and other technical 
containing 48 pages, and in 
‘wo colors throughout, the new 
‘sting Machine Bulletin issued by 
¢ Baldwin-Southwark Corp. con- 
uning @ comprehensive description 
‘he well-known Southwark-Emery 


ne of equipment should be a 
Yauable addition to any library. 
Suletin Ha-67 


Defi Rust 


Analysis and descriptive notes of 


“ine types of heat and corrosion 
esisting steels made by Rustless 
ton and Steel Co. are contained in 
handsome folder. Bulletin Ha-169. 
Metallograph 
tem Large Micro-Metallograph 
M1 interesting 36-page 
publication niaining numerous 
mney s on the very latest 
developm in’ metallographic 
sey >pecial attention is 
on te de d illumination. Bul 
New Joining Process 
ae Paris are joined cheaply. 
— _ ne strongly by Electric Fur 
noe Bh °W. inexpensive non- 
—_ zce atmosphere and 
soe ye nuous brazing, cop- 
pect ve ting furnaces. Full 


in Bulletin Ar-30 


Cleaning Processes 

An attractive 12-page booklet en 
titled “Scientific Metal Cleaning” 
has been published by Detroit Rex 
Products Co. It describes in detail 
the applications and advantages of 
Detrex degreasing with Perm-A-Clor 
or Triad Safety Solvents and the 
applications of Triad Alkali Clean. 
ing Compounds and Strippers. Bul- 
letin Oy-111. 


Testing Machines 

An extremely handsome. spiral. 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine Co. 
Bulletin Oy-147. 


Oxidation 

Designers confronted with oxida- 
tion problems connected with crack- 
ing coils, polymerization plants, 
superheaters, high pressure steam 
plants, air heating equipment and 
recuperators will welcome a folder 
by Timken Roller Bearing Co. con 
taining data on oxidation at 1000, 
1250 and 1500° F. Bulletin Ea-71. 


Alloy Castings 

Michiana Products Corp. has pub- 
lished a new book describing Michi- 
ana corrosion resistant and stainless 
steel ailoys. Generously illustrated, 
it suggests many savings for the 
use of these alloys. Bulletin Oy-81. 


Metal Heating 

Improvements in furnace econo- 
mies, operating conditions and ap- 
pearance, furnaces that will more 
satisfactorily meet old requirements 
or handle new processes, service 
that will help solve the most stub. 
born problems are offered and de- 
scribed by Mahr Mig. Co. in Bul- 
letin Ea-5. 


Meehanite 

A compact but complete specifica- 
tion chart gives the recommended 
grades of Meehanite metal for vari- 
ous service requirements. Complete 
physical properties and applications 
are included. Bulletin Da-165. 


Cutting Steel 


Recommended practices for gas 
cutting of structural steel are given 
in a concise and authoritative form 
by The Linde Air Products Co. 
Qualification tests for good work- 
manship from the standpoint of ac- 
curacy and smoothness of cuts are 
also described. Bulletin Dc-63. 


Newer Tool Steels 

Vulcan Crucible Steel Co. has a 
complete and attractive catalog list 
ing their full line of tool steels in- 
cluding many special types to meet 
the modern trends in industry. Bul 
letin Jy-127. 


Moly Matrix 


Climax Molybdenum Co.'s little 
monthly newspaper contains many 
interesting and informative articles. 
Get the latest issue — Bulletin Ax-4. 


Chapmanizing 
Chapmanizing, the new method of 
surface hardening steel with nitro 
gen, is described in a very attrac 
tive booklet of Chapman Valve Mig. 
Co. Information is given out on the 
method itself and on its metallur 
gical advantages. Bulletin Ob-80. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new booklet showing all the possi- 
bilities of Thermit welding, explain- 
ing the action, and telling in detail 
how representative Thermit welds 
can best be made. Well illustrated 
and clearly written. Bulletin Ar-64. 


Alcoa Notes 


“Alcoa Random Notes” is the in 
triguing title of a little monthly 
paper got out by Aluminum Co. of 
America. A request for this bul 
letin will bring you a copy of the 
latest issue. Bulletin Ca-54. 


Tempering Furnace 

Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper 
ing furnace, which has shown a 
remarkable performance record in 
steel treating operations, are given 
in Bulletin Fx-66. 


Blast Cleaning 

So many changes have taken 
place in blast cleaning and dust col 
lecting equipment in the past three 
years that Pangborn Corporation's 
“quick reference” catalog of con 
densed information will be invalu 
able to all those interested in this 
subject. Bulletin Jy-68. 


Heat Treating Manual 

A folder of Chicago Flexible Shaft 
Co. contains conveniently arranged 
information on heat treating equip 
ment for schools, laboratories and 
shops, and also illustrates the sev 
eral types of Stewart industrial fur 
naces. Bulletin Ar-49. 


Ni-Cr Castings 

Compositions, properties, and uses 
of the high nickel chromium castings 
made by The Electro Alloys Co. for 
heat, corrosion and abrasion re 
sistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Metal Progress, 


Electric Salt Baths 


Literature is available from Bellis 
Heat Treating Co. describing elec 
trically heated bath furnaces which 
are economical to operate and have 


a wide range of applications in 
hardening, annealing. and heat 
treatment of high speed steel, stain 


less steel, nickel, aluminum, copper 
and bronze, etc. Bulletin Ny-48. 


Copper Bulletin 

A new clearing house for news of 
developments in brass, bronze, and 
copper, the “Copper Alloy Bulletin 
issued by the Bridgeport Brass Co.., 
made its appearance with the March 


issue. It is edited for the technical 
and engineering audience. Bulletin 
Da-163. 


Stainless Data Book 

All users of stainless and heat 
resisting alloys should find invalu 
able the information contained in a 
booklet published by Maurath, Inc. 
giving complete analyses of the 
alloys produced by the different 
manufacturers, along with the proper 
electrodes for welding each of them. 
Bulletin Jy-125. 


Laboratory Service 
A new edition of “The Metal 
Analyst” tells about an organization 


established by Adolph I. Buehler 
specializing in the installation of 
metallurgical laboratories. The com 


plete line of laboratory equipment 
marketed by Buehler is also cata 
logued. Bulletin Dy-135. 


Nickel-Copper Steels 


Exceptional resistance to corrosion 


and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs 


town Sheet & Tube Co.'s new series 
of Yoloy steels. A summary of 
properties and notes on their char 
acteristics are contained in Bulletin 
Ox-93. 


Hump Hardening 

All three vital factors in correct 
hardening are completely controlled 
by the new Vapocarb Hump method 
of hardening. which is well de 
scribed in a Leeds & Northrup bul 
letin. The three factors are: Quench 
point, rate of heating. and furnace 
atmosphere. Complete details are 
given in Bulletin No-46. 
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SAVINGS HAVE RANGED FROM 
20°. TO 40% IN PLANTS OF 
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as are also some heat treatable = silicon 
These latter are of two types, a high silicon 
and a low silicon (5 alloy. They depend the 
presence ol magnesium tor their Hinproven t by 
heat treatment 

The only non-heat treated allovs cove 1 by 
new specifications are a modified silicon alloy of 
medium silicon content and a silicon alloy contaip- 
ing nickel, which improves the elastic and dvnami 
properties 

From the above list the outstanding points are 
the increasing use of heat treated alloys, the use of 
grain-refining agents, and the progress of the heat 
treatable silicon allovs. Heat treated alloys ar 
favored on account not only of their increased 
strength, but because the ratio of proof stress o1 
elastic limit to the ultimate tensile stress is raised 
while the ductility and toughness are superior 
those of as-cast alloys 

The heat treatable silicon alloys are really tl 
chief new alloys and they show definite advan 
tages over some of the other heat treated alloys 
They are easier to cast, give less trouble in t 
foundry, and seem less liable to develop intern 
eracks and strains on quenching from hig 
peratures 

Many of the new alloys used in England ar 
not covered by official specifications; this does 
imply that they are not largely used, but that they 
have found their chief uses in other purposes th 
aircraft parts such as: 

1. High silicon alloys with a relative 


rye 


thermal expansion, largely used for aut 
pistons rather than for larger internal combust 
engine pistons. These alloys can also be anodi 
oxidized by the cheapest process. 

2 A tendeney to use cast alloys witha 
content of alloying elements, in order | 
as high a corrosion resistance as possible and 4 
satisfactory match, when anodized, wit! 
wrought alloys An alloy containing ! 
and 0.7 such alloys 


present foundry difficulties from high s! is 


Si is an example of this type 


and they are not very strong in the as 

3. There is some use of magnesiul mas 
nesium-manganese alloys in the as- 
These have a superior corrosion resis! 
reasonably good mechanical properties 
magnesium heat treated alloys have not n 
progress 

$. Alloys containing from 6 to 10 
made considerable progress; with the lo 
contents they do not revert rapidly tron 
fied to the normal state and they have 


tility and casting properties Col 
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